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Abstract 
The work carried out during this PhD programme has been concerned with the re-
investigation and development of a general synthetic methodology towards the 3-
acyltetramic acids (3-acylpyrrolidine-2,4-diones). 
Through a nitrile oxide cycloaddition strategy developed previously within our 
group we have synthesised a variety of 'masked' isoxazole precursors. We have 
further developed this strategy to include extension at the C-3 position in the 
bicyclic 3-methylpyrrolo[3,4-cJisoxazoles by deprotonation and condensation with 
a variety of aromatic aldehydes. Ring opening of the products with hydrogen 
yielded novel 3-(3-arylpropanoyl)tetramic acids, whilst using molybdenum 
hexacarbonyl produced 3-(3-arylpropenoyl)tetramic acids. 
Extension of the C-3 position on the 3-methylpyrrolo[3,4-c Jisoxazoles has also 
been accomplished using aliphatic ketones. 
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Introduction 
1.1 The Tetramic Acids 
The tetramic acid (2,4-pyrrolidinedione) ring system [1] has been known since the 
beginning of the twentieth century. It has been found that the tetramic acid core 
structure forms the basis of many natural products that exhibit antibiotic or 
antiviral activity and are of biological significance. 
[1] 
The primary reactions of the tetramic acid ring are: (a) reactions with electrophilic 
species, (e.g. bromine, aldehydes) at C-3, (b) with nucleophilic species (e.g. 
hydrazine) at C-4, (c) acylation on 0-4, and under certain conditions C-3, (d) 
reactions with organometallic bases (e.g. n-butyllithium); metallation occurs at C-
3. The tetramic acid moiety is a weak acid in aqueous solution (pKa = 6.4) and is 
not greatly enolized; it remains mainly as the 2,4-diketo form. Solid-state infrared 
spectroscopy shows absorptions at 3230 (NH stretch), 1696 (lactam C=O), 1670 
(NH bend), and also 1782 cm" due to the ketonic carbonyl group. That group is 
also visible in the solution infrared spectra, inferring that the lactam group is 
involved in hydrogen bonding in the solid state. The ultraviolet spectrum shows 
the enolate species as a single absorption (A. max 260nm), the intensity is highly pH 
dependent.' In aqueous media the ionised form exists principally in equilibrium 
with the 2,4-diketo form. Tetramic acids with an alkoxycarbonyl substituent at C-3 
have a pKa of about 2.3-2.5 2, whilst those bearing an acyl substituent at this 
position have a pKa 3.0_3.5.3,4 
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The tautomeric behaviour of 3-acyltetramic acids is shown below: 
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Scheme 1 
There are two sets of internal tautomers that are rapidly interchanging, {a - b} and 
{c - d}; this is due to proton transfer along the intramolecular hydrogen bond. 
Arising from the rotation of the acyl side chain are two sets of external tautomers, 
{a, b}- {c, dj, which interconvert slowly (Scheme 1). Comprehensive analytical 
studies of the 1 Hand 13C NMR characteristics of certain 3-acyltetramic acids by 
Steyn and Wessel,5. 6 led to the conclusion that the main tautomeric form in 
solution was the exo-enol (d). X-Ray crystallographic structure determinations 
reveal exo-enol (d) as the preferred form in the solid state.6 
The most common tetramic acid derivatives found in nature are the pyrrolidine-2,4-
diones that bear an acyl substituent at position C-3. The simplest example of this is 
tenuazonic acid [2] which was originally isolated from the culture filtrate of 
Alternaria tenuis, by Stickings' group.7 Although extremely toxic to mammals it 
exhibits a small amount of antibacterial activity,8 and when given in a high enough 
dose, shows an inhibitory effect on certain viruses, such as herpes simplex, 
parainfluenza-3, vaccinia and poliovirus. 
9 
Unfortunately the toxicity of tenuazonic acid has limited its use, and the n-propyl 
and isobutyl tenuazonic acid analogues show similar biological activity, and are 
slightly less potent. 
o OH 
o 
[2] 
The acyltetramic acid isolated from Pseudomonas magnesiorubra, by Kohl and his 
co-workers,9 is the magnesium-containing antibiotic magnesidin. Magnesidin has 
been used to prevent the degradation of foodstuffs by organisms that produce 
spores, 10 and also prevents the growth of various Gram-positive bacteria. It is 
obtained as a 1:1 mixture of the covalent magnesium chelates of the 3-hexanoyl [3] 
and 3-octanoyl [4] tetramic acid derivatives. 
Magnesidin 
{ 
[3] 
[4] 
2 
n = 1 } 
n=2 
Generation of another tetramic acid, a-cydopiazonic acid [5], by the fungus 
Penicillium eyclopium Westling, has been noted, and is found to be a mycotoxin; 
isolation was by Holzapfel. ll The organisms producing a-cydopiazonic acid are 
found 12.13 in a range of agricultural produce such as grain, cheeses, and peanuts. 
This is a cause for concern because although possessing some useful biological 
activity, a-cydopiazonic acid is highly toxic. Reports in the literature point out 
10 
that the presence of a-cyclopiazonic acid causes depression and immobility in 
humans and cattle, by considerably altering the levels of neurotransmitters such as 
dopamine.14 
OH 
[5] 
Isolation from the broth of Streptomyces phareochromogenes var. ikarugenesis 
Sakai, by Jomon and co-workers/s yielded a tetramic acid called ikarugamycin [6]. 
Ikarugamycin has been used as an antiulcer agent,16 and demonstrates antibiotic 
activity with some Gram-positive bacteria. Strong antiprotozoal activity has also 
been shown. By using NMR spectroscopy, the deduction of the structure was 
completed by Ito and Hirata.3• 17. 18 The ikarugamycin structure is that of an 
enoyltetramic acid, which is integrated within a 16-membered macrocyclic lactam 
nng, fused with the trans, anti, cis-decahydro-as-indacene framework. 
Discodennide [7] is another similar macrolactam, and has been obtained from the 
Caribbean marine sponge Discoderma dissoluta. It has been shown to inhibit the 
growth of Candida fungi/9 and also prevents the in vitro propagation of P388 
murine leukaemia cells. The stereochemistry at C-16 and C-17 is still unclear 
although the stereochemistry of the structure has been evaluated by NMR 
spectroscopy (COSY and NOE difference spectra) on discodermide and its 0-16 
acetate counterpart. 
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o N 
H 
[6] 
HN 
[7] 
OH 
The tetracyclic cytotoxic alteramide A [8] was isolated by Kobayashi et al. 20 from 
the bacterium Alteromonas sp., which itself was separated from the marine sponge 
Halichondria okadai. 
12 
o HN:------""\ 
Cylindramide [9], a compound exhibiting cytotoxic activity against melanoma cells 
and showing some similarity to the compound alteramide A, was discovered by a 
Japanese group?! Isolation as in the case of alteramide A was from a marine 
sponge, Halichondria cylindrata. 
HN 
o 
OH 
[9] 
From Streptomyces rimosus var. paromycinus, was isolated malonomycin [10] 
(formerly known as K-16), an antiprotozoal compound. The discovery of the 
unique aminomalonic acid unit, which forms part of the acyl side chain, was 
revealed by van der Baan and co-workers,z2. 23 Malonomycin has been shown to be 
particularly active against trypanosomes.24 
13 
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CO2 HN 
[10] 
Obtained from the culture filtrates of Streptomyces lydicus was a dienoyltetramic 
acid, streptolydigin [11]. The structural assignment was accomplished by analysis 
of the NMR, UV and mass spectrum of the oxidative degradation products.25-27 
Streptolydigin has been shown to exhibit activity against Gram-positive bacteria, 
and also inhibits the enzyme DNA transferase. 
o 
[11] 
H N~"""'JIOH 
o .... , 
""l/ 
CONHMe 
Tirandamycin A [12] isolated from Streptomyces tirandii8 has a closely related 
structure to streptolydigin. It also inhibits DNA transferase but less potently, and is 
thought to inhibit the initiation ofthe DNA chain in the transcription process.29 
Structural assignment was by comparison with the NMR spectra of the periodate 
oxidation product of streptolydigin, streptolic acid.3o 
14 
OH o 
NH 
o 
[12] 
Steglich et al.3l managed to isolate the polyenoyltetramic acid fuligorubin A [13] 
from the plasmodia ofthe slime mould Fuligo septica. 
o OH 
Me-N 
o 
H02C 
[13] 
Several compounds derived from L-tyrosine [14a-d] were also obtained from the 
slime mould of Leocarpus fragilis. 32 The potency of these compounds against a 
variety of bacilli will need to be investigated, as little is known about their 
biological activity, other than as their use to chelate metal ions, or as colourants. 
o OH 
[14a] R=H,n=O 
RN n [14b] R=H,n=3 
[14c] R=Me,n=3 
HO 
[14d] R=H,n=4 
15 
Isolated from the pigment of Penicillium islandicum Sopp. was discovered one of 
the first polyenoyltetramic acids, known as erythroskyrine [15]. 
OH 
MeN 
[IS] 
This has shown antibiotic action, in particular against some of the Staphylococcus 
bacterial species.33 The relative and absolute configuration of this structure was 
established by Beutler and co-workers34 by employing various NMR spectroscopic 
techniques. Degradation studies on erythroskyrine employing acid hydrolysis, 
hydrogenation, and ozonolysis produced subunits of the molecule whose structure 
was assigned by NMR spectroscopy.35 Using this information the structure of 
erythroskyrine was then deduced. 
HO 
}----f-H ~-f-.H 
MeN 
[16] [16a] 
16 
From the culture broth of the fungus Fusarium equiseti was isolated its principal 
toxic metabolite. This is equisetin [16]36 and it has been found to cause 
immunosuppression in guinea pigs. The structure was difficult to analyse by NMR 
spectroscopy due to a complex mixture of the tautomers, so the same group that 
had isolated the equisetin prepared the phenylboronate derivative [16al that 
produced exclusively one tautomer, and so the absolute stereochemistry could then 
be assigned.37 This was reinforced by the total synthesis of equisetin.38 The 
aurantosides A [17] and B [18] were obtained from the marine sponge Theonella 
Sp.39 and exhibit antileukemic properties. Like dysidin these also contain chlorine. 
The structures of both aurantosides were assigned through mass spectrometry and 
NMR spectroscopy. 
OH Cl Cl 
~ ~ ~ ~ ~ # # 
N 
i 
ii 0 
'" 
'" HO 
'-......CONH, 
[17) Aurantoside A, R = Me 
[18) Aurantoside B, R = H 
O~'C(0 "" 
-$"" 
RO~ OH 
Dysidin [19], a secondary metabolite containing chlorine, and isolated from the 
Indo-Pacific sponge Dysidea herbacea,40 is an example of a natural product 
containing the tetramic acid moiety. This is an example of an N-acyl-4-methoxy-3-
pyrrolin-2-one, a 4-0-methyl ether of an N-acylated tetramic acid. 
17 
MeO 
o 
OMe 
CCI3 
[19] 
Isolated from Streptomyces althioticus was a compound called althiomycin [20],41 
which is shown to inhibit protein synthesis in both Gram-positive and Gram-
. b . 42 negative actena. 
OMe 
o 
OH 
[20] 
Whether or not althiomycin is a mixture of diastereomers or whether it racemises 
upon isolation is unclear. The configuration of the centre bearing the 
hydroxymethyl is unidentified. A mixture of the diastereomers with both (R) and 
(S) configurations about this stereocentre is always obtained. Assignment of both 
the aldoxime and the thiazoline ring was obtained via crystallographic data,43, 44 
with the configuration of the aldoxime found to be (E), and the absolute 
configuration of the thiazoline ring shown to be (S). 
18 
Synthetic Routes to Tetramic Acid Natural Products 
The first dependable synthesis of a tetramic acid derivative was by Gabriel in 
1914.45• 46 This was the reaction of phthalimidoisobutyryl chloride (21) and diethyl 
sodiomalonate, giving (22), which upon reaction with concentrated sulfuric acid 
cycIised to 3-ethoxycarbonyltetramic acid (23) (Scheme 2). 
EtO 
OH 
YCOC1 C02Et .. • N 0 
NPhth NPhth C02Et 
0 ~ 
H02C 
# 
(21) (22) (23) 
Scheme 2 
The synthesis of dysidin 47 has been achieved by a similar synthetic procedure. 
Reaction of the dilithium dianion of monoethyl malonate with the acid chloride of 
(+I-)-N-phthaloylvaline (24) produces the ketoester (25). Potassium hydride and 
methyl fluorosulfonate were then used to carry out an O-methylation, and treatment 
with hydrazine of the enol ether (26) produced the 4-0-methyltetramic acid (27). 
Finally N-acylation completed the synthesis of dysidin (19) (Scheme 3). 
19 
Jy= 0 Mea C02Et • • 
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c [24] 
~ 
[25] [26] 
Mea 
J C02H 
Mea 
CCI3 OMe 
0 • • 
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[27] 
CCI3 
[19] 
Scheme 3 
The Dieckmann cydisation (base-induced intramolecular Claisen condensation) of 
N-acyl-a-amino esters presents a practical path to tetramic acids, which is 
potentially very flexible regarding the possible substitution patterns available. 
Reported in the 1950 was the treatment of [28] with sodium methoxide to allow the 
formation of l-benzyl-3-phenyltetramic acid [29].48 
C~J:~ 
I 
Sn 
• 
't( 
N 0 
I 
Sn 
[28] [29] 
Scheme 4 
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An effective two-step synthesis of 3-acyltetramic acids from easily available a-
amino esters was reported in 1954 by Lacey. This is now considered the most 
common way to prepare 3-acyltetramic acids, and is used extensively in the 
formation of the tetramic acid ring. The original method49 entailed formation of 
the N-acetoacetyl-a-amino ester by condensation of diketene with an a-amino ester 
[30]. Cyclisation of the N-acetoacetyl-a-amino ester [31] then occurs upon 
exposure to sodium methoxide to yield the 3-acyltetramic acid [32] (Scheme 5). 
OH 
• 
-
o 
[30] [31] [32] 
Scheme 5 
By producing the appropriate N-acetoacetyl-a-amino ester precursor this method 
can be used to construct 3-acyltetramic acids with a variety of substituents. One 
difficulty is that the basic conditions that are necessary for the cyclisation prevent 
the use of intermediates that are unstable in such environments, and can lead to 
racemisation of stereocentres with acidic hydrogens. 
The complete synthesis of a-cyclopiazonic acid from indole-4-carboxaldehyde was 
reported by Kozikowski.5o Treatment of [33] with base resulted in formation of the 
tetramic acid ring. From the reaction was gained almost completely iso-a-
cyclopiazonic acid [34] showing that the ester-bearing stereocentre had epimerised, 
and suggesting that epimerisation precedes ring closure (Scheme 6). 
21 
• 
[33] [34] 
Scheme 6 
Tirandamycin A [36] was produced using Lacey-Dieckmann cyciisation, by 
Bartlett et al. Cyciisation of [35] was followed by a removal of the N-protecting 
group, (Scheme 7) with overall yield of 95 %.51 
o 0 
o [35) 
+ 'SuOK/THF 
+ TFAI CDCI3 
o 
HO 
o 
[36] 
Scheme 7 
22 
Synthesis of dienoyltetramic acids related to streptolydigin and tirandamycin was 
conducted by Rinehart et al.52 Preparation of [39] and [40] was by Dieckmann 
cyclisation of the corresponding acetoacetamides [37] and [38]. The 
acetoacetamides were prepared by reaction of the required dienoylacetate ester and 
ethyl N-benzylglycinate with sodium ethoxide (Scheme 8). Using the same 
methodology attempts were made to produce the precursor of tirandamycin A, by 
condensation of ethyl N-benzylglycinate with ethyl tirandamycylacetate, but these 
were unsuccessful. 
0 0 OH 
R' ~ ~ N~COEt-R' ~ ~ 
R3 2 
R2 R2 
[37] I 2 3 I R =CH3,R =H,R =Benzy [39] 
[38] RI = CH(CH3h, R2 = CH3, R3 = Benzyl [40] 
Scheme 8 
Synthesis of 3-acyltetramic acids that have more complicated side chains was 
initially problematic due to the substrate decomposition. Elaboration of the groups 
on the tetramic acid ring with cyclisation occurring at an earlier stage afforded an 
alternative method of synthesis. 
Synthesis of a molecule with the tetramic acid moiety and a functionalised 3-acetyl 
group [43] that was ready for further extension was first reported by Boeckman. 
The methyl terminus was activated by the presence of a phosphonate group, 
providing the possibility of Horner-Wadsworth-Emmons reactions with 
aldehydes.53 Preparation was by ring opening of the 1,3-diox-5-en-4-one [41] with 
ethyl glycinate, followed by Lacey-Dieckmann cyclisation of the phosphonoacetyl-
a-amino ester [42] (Scheme 9). 
23 
C02Et 
oXo C±l e HN) ° I I H,NCH,C02Et, PyH Tos ~ 
~PO(OEt)2 --------" PO(OEt), o 0 
[41] [42] 
o 
PO(OEt)2 
o 
[43] 
Scheme 9 
It was found however, that the Horner-Wadsworth-Emmons reaction with 
aldehydes does not work very well unless the ring nitrogen has been alkylated.54 
This problem was encountered by Schlessinger et al. in their synthesis of (+/-)-
tirandamycin A.55 
The conditions that were used for the condensation of the 0, C-dianion produced 
from [43] with aldehydes in Boeckman' s examples, proved inefficient with the 
required substituted aldehyde. Success with the Horner-Wadsworth-Emmons 
reaction, using the aldehyde that corresponded with the tirandamycin A side 
chain,56 was accomplished by using a 2,4-dimethoxybenzyl substituent on the ring 
nitrogen. De Shong et al57 accomplished the synthesis of the tetramic acid [43] by 
treating the isoxazolium salt [44] with aqueous sodium bicarbonate to produce the 
same intermediate p-ketoamide [42] that was obtained by Boeckman, probably via 
deprotonation of [44] to form the nitrilium ion. This was followed by reaction with 
alkoxide (Scheme 10). 
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o 
11 
P(OEt)2 
• 
o 
[44] [42] 
Scheme 10 
Synthesis of tetramic acids from p-ketoacetamides derived from the reaction of 
aldehydes with a-diazoacetamides using a zirconium(lV) catalyst, is a novel 
method of preparation. This is also useful as it provides a route to substituted P-
ketoacetamides that were not formerly accessible.58 In the synthesis of compounds 
related to erythroskyrine, Jones59 applied a similar strategy to that of Boeckman. 
Generation of the unsaturated p-ketoacetamides [46] was accomplished by the acid-
mediated thennolysis of dioxenones [45] in the presence of methyl L-valinate. 
Conversion to the corresponding 3-enoyltetramic acid [47] was achieved by 
treatment with potassium tert-butoxide. 
o o 
Methyl N-methyl-L-valioate.HCl 
[45] 
00 
Et3N, PyH Tos, MeN 
o -------1 .. · \"", .. ··lC02Me o 
[46] 
OH 
KO;/ 
0 
~ ~ 
MeN 0 
i 
< ,. 
[47] \ 0 0=1,2,3 
Scheme 11 
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Tetramic acids were formed by Ley et al.6o using methodology involving 3-
oxobutanethioate [48] and its 4-diethylphosphono derivative [49] this allowed mild 
conditions to be employed in the synthesis of sensitive p-ketoamides. The alkene 
products generated by the Horner-Wadsworth-Emmons reaction of [49] with 
aldehydes and ketones were almost exclusively (E). The conversion of the p-keto 
thioesters [50] into the corresponding p-ketoamides [51] was accomplished by 
reacting with an a-amino ester or amine in the presence of si! ver(I) trifluoroacetate. 
The final step to yield the tetramic acid [52] was achieved by cyclisation of the p-
keto amide using either tert-butoxide or TBAF. 
R1~ 
Sf-Bu 
R[=H [48] 
R [ = PO(OE!), [49] 
R' 
j 
0 OH 
[52] 
NaH 
• 
R'CHO 
TBAF 
-
Scheme 12 
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o 
Sf-Bu 
[50] 
R' 
, AgO,CCF, R3HN~CO'R5 
o 0 
[51] 
Direct Acylation 
The acylation of pyrrolidine-2,4-diones, with no substituents at position C-3, 
appeared as a potentially useful way of accessing naturally occurring tetramic 
acids. The first to use this strategy was Kohl, involving the synthesis of 
magnesidin [54] and [55].9 Acylation of 5-ethylidenepyrrolidine-2,4-dione [53] 
was accomplished with the appropriate acid chloride, in the presence of boron 
trifluoride-etherate (Scheme 13). 
R 
0 <@ 
a) RCOCl, BF3.OEt 
• 
Mg2+ 
MeHC 0 
b) AC20, NaOAc, MgCl2 
N 0 N 
H I 
Ac n=2 [53] 
R=(CH2)4CH3 [54] 
R=(CH2)6CH3 [55] 
Scheme 13 
Further work in this area was conducted by Jones and Sumaria61 to develop a 
method for the introduction of acyl groups onto the 3-position of the pyrrolidine-
2,4-diones, using Lewis acid catalysis. BF3-etherate was the Lewis acid primarily 
studied, but also included was work using titanium(IV) chloride and tin(IV) 
chloride. Acylation of the pyrrolidine-2,4-dione [56] produced the 3-acyltetramic 
acids as their boron difluoride complexes [57]. Treatment of the complexes with 
methanol produced the desired 3-acyltetramic acid compounds [58] (Scheme 13). 
With these procedures acylation at C-3 occurs at a late stage in the synthesis, but 
competing 4-0-acylation can pose problems. 
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R 
0 0 0 
\ 
RCOCl, BF3.OEt 
,BF2 
, 
~ " 
, 
• 0 d 
[56) ~[57] 
MeOH 
R ~ 
0 OH or 
R=Me, Ph, 1 
or 
0 ~ 
[58) 
Scheme 14 
Synthesis of the pyrrolidine 2,4-dione moiety used for acylation can be 
accomplished by reacting methyl acetoacetate with trimethyl orthoformate to 
produce methyl (E)-3-methoxy-2-butenoate [59). Bromination using N-
bromosuccinimide followed by reaction with an amine and then hydrolysis reveals 
the tetramic acid (60), by the methodology devised by Pinnick et al.62 (Scheme 15). 
(MeOhCH 
• 
~C02R1 
MeO 
lA 
~ 
R2 
[60) 
Scheme 15 
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A preliminary step in the synthesis of malonomycin63 used an acylation that was 
base- induced. The reaction of [61] and [62] was achieved via the formation in situ 
of the benzotriazolyl ester [63] in the presence of triethylamine to furnish [64]. 
Harsher Lewis acid conditions destroy the sensitive malonamide moiety. The 
natural product [65] was finally isolated after hydrogenolysis (Scheme 16). 
ZHN 
[65] 
N 
H 
[61] 
+ 
~ ••• ,,\\\NH2 
HO ,.,,~ 
HN 0 
El CO2 Hz 
Pd/C HN 
C02H -
ZHN 
Scheme 16 
C02BzI R02C~C02BZI 
o NH '";C~ R=H [62] 
R = Benzotriazol-l-yl [63] 
"o~"' 
OH HN 0 
...-.--C02Bzl 
C02BzI 
o 
[64] 
A method of preparing 3-acyltetramic acids was reported by Yoshii et al.64 that 
produced the C-acylated product from the kinetic O-acylation compound in a base-
induced migration, the reaction being similar to the Fries rearrangement (Scheme 
29 
O)-R3 0 
HO R3 0 0 
R3C02H Et3N 
• 
---R' o DCC R' N R' 
DMAPIDCM R2 
Scheme 17 
In the total synthesis of streptolydigin the major products of the thallium-mediated 
acylations of [66] were found to be due to O-acylation at the C-4 carbonyl, in the 
case of acid chlorides. Using acid fluorides causes the acylation to occur at the 
exocyclic nitrogen. The thallium(1) enolate derived from [66] with acetyl fluoride 
was the only successful reaction.52 
o 
MeHNOC N 
Me 
[66] 
Direct metallation at C-3 of the 4-0-methyl ethers of pyrrolidine-2,4-diones to 
produce 3-acyltetramic acids was reported by Jones and Peterson.65-67 
Deprotonation of position C-3 of [67] by n-butyllithium produces the lithio-species 
[68], which then reacts at low temperature with aldehydes to produce, following 
oxidation and base hydrolysis, the 3-acylated product [69] (Scheme 18). 
30 
HO 
MeO MeO Li R' 
n-BuLi RICHO 
-
• 
0 0 
[67] [68] !Mn02 
R' 0 
~ 0 OH R' 
RI = or 
~ NaOHlH2O • 
[69] 
Scheme 18 
It was later discovered that 3-acetyltetramic acids that are readily produced from 
Lacey-Dieckmann cyclisation of a-amino esters, deprotonate slowly at the acetyl 
methyl group68, 69 but readily at the nitrogen and enol oxygen. Deprotonation using 
3.5 equivalents of n-butyllithium generated the trilithio-species [70], which upon 
addition of aldehyde reacted at the acetyl methyl carbon to produce the aldol 
product [71]. Subsequent dehydration by hydrogen chloride yielded 3-
enoyltetramic acids68 [72] (Scheme 19). 
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Other Stratagems 
Intramolecular rearrangement of N-acetoacetylaspartimide 70 yields a tetramic acid 
moiety similar to that of streptolydigin. Reaction of [73] with diketene produces 
[74], and when sodium methoxide is added the compound undergoes a Dieckmann-
type ring closure, with opening of the imide to yield the tetramic acid [75] (Scheme 
20). Attempts to synthesise streptolydigin by extending this methodology were 
unsuccessful. 
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The reaction to form streptolydigin [I I] from a phosphonoacetyltetramic acid was 
reported by Schlessinger71 who had produced the phophonoacetyItetramic acid [77] 
using a similar route. The phosphonate was prepared by base-induced 
rearrangement of the aspartimide [76] using potassium diisopropyl phosphite as the 
base (Scheme 21). 
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Ring opening of an a-pyrone system was described by Jones.72 This 'masking 
strategy' was used as a route to 3-acyltetramic acids, using pyrones as precursors. 
The reaction of (bromomethyl)pyrone [78] with sodium p-toluenesulfonamide 
produced [79]. which was then treated with sodium methoxide, which led to the 
formation of the carbomethoxy-substituted tetramic acid [80]. Alkaline hydrolysis 
followed by decarboxylation yielded the 3-acetyltetramic acid [81] (Scheme 22). 
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1.2 Isoxazoles 
The approach to acyltetramic acid explored in this thesis will involve isoxazoles 
formed by 1,3-dipolar cycloaddition. This section will introduce isoxazoles and 
their synthesis and properties. This is followed by an introduction to the 1,3-
dipolar cycloaddition. 
The structure of the isoxazole ring [82], was first put forward by Claisen in 1888 
after the first reported production by condensation of a 1,3-diketone with 
hydroxylamine.73 It was shown that although the isoxazole ring had the properties 
of an aromatic system, when exposed to reducing or basic media, it became highly 
labile. Shown below is the ring numbering system. 
2 1 
N-Q 3VS 
4 
[82] 
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Classification of synthesis of isoxazoles is by the number of ring atoms in the 
component starting material, the [3+2] routes relevant to this thesis including 
(CCC+NO) and (CNO+CC) variants. 
Isoxazoles: [3+2] Routes 
Isoxazoles with identical substitution at C-3 and C-5 can be formed from 1,3-
diketones by condensation with hydroxylamine (Scheme 23), as was reported by 
Claisen.73 
• 
• 
Scheme 23 
Isomers of the isoxazole can be formed if an unsymmetrical diketone is used and 
one isomer may be formed preferentially depending on the reaction conditions. 
Another type of [3+2] construction is (CNO+CC) 1,3-dipolar cycloaddition as 
classified by Huisgen/4 using nitrile oxides and an unsaturated molecule like an 
alkene. This is the key to our approach to acyitetramic acids. 
To avoid possible side reactions and allow optimum conditions the nitrile oxides 
are generated in the presence of the unsaturated carbon compound, in order to keep 
their concentrations low. To produce the isoxazole an alkyne or alkyne equivalent 
is required (Scheme 24). Problems sometimes arise because the substituted alkyne 
may not be stable, or as easily accessible as the corresponding alkene. In this case 
production of the isoxazole can be accomplished by reacting a nitrile oxide and 
alkene to furnish the isoxazoline, followed by dehydrogenation to produce the 
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isoxazole. Another possibility to generate the isoxazole is to use an appropriately 
substituted alkene RCH=CR'X and eliminate HX. 
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Scheme 24 
Isoxazole Reactions 
The oxygen atom is electron-donating and the nitrogen atom is electron-
withdrawing in the isoxazole. Various possible reactions of the ring and the 
substituents are documented.75 Reactions involving nucleophiles include addition 
to the isoxazole ring, displacement of a substituent, and ring opening as a result of 
proton abstraction. Electrophilic substitutions occur at C-4. The reactivity of the 
isoxazole ring at C-4 is also dependent on the substituents at C-3 and C-5 and their 
nature; NH2, NR2, and OMe are strongly activating, with C02Et, N02 and S03H 
being strongly deactivating. 
Nucleophilic Substitution 
Isoxazoles can be deprotonated at C-3 and C-5. This can result in ring opening of 
the isoxazole with the nucleophile acting as a base. Proton removal at C-4 by 
butyllithium can occur if deprotonation cannot take place at C-3 or C-5. 
Substitution of labile nucleophilic groups in the C-3 and C-5 position is also 
known. 
Electrophilic Reactions 
Isoxazoles can undergo electrophilic substitutions at C-4, including 
chloroalkylation, halogenation, nitration and sulfonation. In 1921 Morgan and 
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Burgess76 generated 3,5-dimethyl-4-nitroisoxazole, by heating 3,5-
dimethylisoxazole with a mixture of sulfuric and nitric acids at 100°C (Scheme 25). 
The reaction to produce 4-bromoisoxazole was accomplished by Pino et al.77 who 
treated the 3,5-dimethylisoxazole with bromine and obtained the product in a 42% 
yield. Quilico and Iustoni78 employed chlorosulfonic acid for the sulfonation of 
3,5-substituted alkylisoxazoles. 
N-O N-O Me~Me H2S04 1 # • HN03 Me Me 
N02 
Scheme 25 
Ring Opening Reactions 
Although isoxazoles have some importance the products formed by the reduction 
of the N-O bond (as in this thesis) and the C=N double bond are of the main 
interest. There are many examples of cleavage of the N-O bond and one of the 
most popular methods is using hydrogenation.79 The amino alcohols formed have a 
1,3-relationship between the two functional groups. Because the N-O bond is the 
weaker of the two bonds it is possible to reduce that and leave the C=N bond 
unaffected. This then leaves an imine that can be hydrolysed to reveal the desired 
dicarbonyl moiety. This is illustrated in (Scheme 26). 
H2 , Pd/C 
• 
NH OH 0 OH 
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Scheme 26 
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There are other methods that have been developed for N-O bond cleavage, and 
these include molybdenum hexacarbonyl80 and samarium diiodide.81 One of the 
drawbacks with using the hydrogenation method is with molecules that possess 
side chains that are unsaturated and are thus also reduced. The problem can be 
overcome by using molybdenum hexacarbonyl in moist acetonitrile. Isoxazoles are 
transformed into p-aminoenones in the presence of molybdenum hexacarbonyl. A 
mechanism by which the isoxazole system undergoes reductive cleavage was 
proposed by Nitta and Kobayashi,80 who suggested that the N-O bond cleavage of 
the isoxazole ring is initially prompted by the formation of the N-donor ligand 
complex. Although [83] is stable at ambient temperature it is found that under 
reflux temperatures ring opening occurs to yield [84] with subsequent hydrolysis 
by the water present leading to [85] (Scheme 27). The mechanism by which [84] 
produces [85] is however not yet clear. 
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Side Chain Reactions 
Methylisoxazoles can undergo halogenation at C-4 when there is no substituent at 
that position, although bromination will occur on the methyl group if the 4-position 
is occupied. Reactions of the substituents on the isoxazole is possible, and it has 
been found that methyl groups on C-3 and C-5 can be alkylated by use of bases 
such as butyllithium, lithium diisopropylamide and sodium amide in ammonia. 
Work conducted by Natale et al.82 and Micetich83 showed that in the presence of a 
C-3 methyl group there was selective reaction of the C-5 methyl group. Work 
developed by Brunelle84 used deprotonation with n-butyllithium and reaction with 
an alkyl halide as the electrophile to generate a reaction at the C-5 substituent. 
Addition of sec- or tert-butyllithium and then quench by another electrophile 
produced the 3-substituted 5-alkylisoxazole. If the quenching electrophile used 
was deuterium then it was found that 97% was incorporated onto C-3 (Scheme 28). 
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1.3 The 1,3-Dipolar Cycloaddition Reaction 
Formation of the five-membered heterocyclic isoxazole unit, with differing levels 
of regio and stereoselective control, can be achieved using the adaptable 1,3-
dipolar cycloaddition. Initially realised by Huisgen in 1961,85 this reaction 
involves the amalgamation of a three atom section, the 1,3-dipole a-b-c, with a 
multiply bonded two atom section, the dipolarophile d-e to produce a five-
membered ring (Scheme 29). The 1,3-dipolar cycloaddition progresses through a 
61t-electron aromatic transition state, with production of the five-membered 
heterocycle by cycloaddition to a double or triple bond.86 
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The 1,3-Dipole 
The 1,3-dipole is the three-atom fragment of an allyl-type 1t system. The structure 
can be drawn in either of two canonical forms, as the sextet or octet form, which 
reflects the number of electrons that are present in the outermost shell of atom a. 
The octet form is the one that is frequently shown in reaction schemes, but the 
sextet form is more helpful at explaining the origin of the name 1,3-dipole. The 
1,3-dipoles can be divided into two types. In the sextet form a single or double 
bond can exist between the atoms a and b in the 1,3-dipole. Structures containing a 
single bond between a and b, and consequently a double bond in the octet form, can 
possess oxygen or nitrogen as the middle atom. Structures that possess a double 
bond in the sextet form and therefore a triple bond in the octet form can only have 
nitrogen as central atom b. The first types of structure are bent and are called the 
allyl anion type, and will be referred to as Type 1. Type 2 structures are of a 
propargyl-allenyl type and are linear as they contain an additional 1t bond 
orthogonal to the allyl system. Some examples are shown in (Scheme 30). 
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Possibilities for Atoms in Dipole a-b-c 
Atom a) Type 1 C, N, 0 
Type 2 C,N 
Atom b) Type 1 N, 0 
Type 2 N only 
Atom c) Type 1 and 2 C, N, 0 
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The Dipolarophile 
The dipolarophile is the 2n electron two-atom fragment of the cycloaddition 
reaction. The dipolarophiles are not limited to alkenes and alkynes that are C-C 
based, but encompass a large number of compounds in a multiply bonded structure 
where either atom can be an element that is not carbon. Some examples of 
dipolarophiles include diazo, nitrile, and carbonyl compounds. 
Uses of the 1,3-Dipolar Cycloaddition 
Cycloaddition reactions are useful as they can generate a heterocyclic structure that 
may be left unchanged throughout a synthetic procedure. They can also be used to 
generate a heterocyclic structure that is masking a more sensitive one. In the case 
of the strategy towards acyltetramic acids discussed in this thesis, the highly polar 
potentially reactive moiety is hidden as an isoxazole (see later). 
One example of a cycloaddition is the ozonolysis reaction, which involves reaction 
of ozone with an alkene in a 1,3-dipolar fashion. The product is an unstable 
compound called a primary ozonide [86] that decomposes by a reverse 1,3-dipolar 
cycloaddition. The products are a new 1,3-dipole, known as a carbonyl oxide [87] 
and a carbonyl compound [88]. These then undergo reaction with each other in a 
1,3-dipolar cycloaddition with reversed regiochemistry to form the secondary 
ozonide [89]. This is unstable and explosive and is normally decomposed using 
dimethyl sulfide, which attacks the ozonide to produce dimethyl sulfoxide (DMSO) 
and two carbonyl compounds (Scheme 31); other methods can also be used.s7 
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The reaction involving a nitrile oxide with an olefin to produce an isoxazoline is a 
very versatile 1,3-dipolar cydoaddition. This is useful as a wide range of 
functional groups can be obtained by modification of the isoxazoline88 (Scheme 
32). 
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1.4 Nitrile Oxides 
Nitrile oxides have been recognised for over 200 years. Benzonitrile oxide, 
reported in 1886 by Gabriel and Koppe, is one of the most common derivatives of 
fulminic acid, which was discovered as early as 1800. Isolation of benzonitrile 
oxide as a pure crystalline material was accomplished at a later date, in 1907.89 
Benzonitrile oxide was first prepared by Wemer and BUSS,90 and was produced by 
chlorination of benzaldoxime and using sodium carbonate for the 
dehydrohalogenation step. Nitrile oxides are members of the class of compounds 
known as 1,3-dipoles and as such can undergo [3+2) cycloaddition reactions.85 The 
generation of nitrile oxides in a 1,3-dipolar cycloaddition reaction is normally in 
situ, in the presence of an excess of dipolarophile. Weygand first reported the 
reaction of nitrile oxides with olefins in 1927.91 Dehydration of nitro compounds 
and oxidation of aldoximes are the most common ways in which nitrile oxides are 
formed. 
Variation on the methodology of Wemer and Buss has included development of 
different types of chlorinating agent, some examples of which are hypochlorite,92 
N-chlorosuccinimide93 and chlorine.94 In the case of the dehydrohalogenation step 
it is now quite common to use triethylamine (a tertiary amine), instead of sodium 
carbonate. Tsuge95 prepared nitrile oxides from aldoximes and developed a 
functionalised phosphorus nitrile oxide from the corresponding aldoxime. 
Another procedure of synthesising nitrile oxides is by the Mukaiyama-Hoshino 
method.96 This is the dehydration of primary nitroalkanes with phenyl isocyanate 
and triethylamine. Phosphorus oxychloride,97 benzenesulfonyl chloride or ethyl 
chloroformate with triethylamine98 and para-toluenesulfonic acid99 have also been 
used as dehydrating agents. 
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Nitrile Oxide Cycloaddition Reactions 
Various groups have used the reaction of nitrile oxides with alkenes as a synthetic 
method for the production of natural products. The reaction being a l,3-dipolar 
cycJoaddition indicates a concerted mechanism, and as such it occurs with retention 
of alkene configuration in the cycJoadduct. Some representative examples are 
shown below. CycJoaddition to yield an isoxazoline [91] was produced under 
Muikaiyama-Hoschino conditions using a nitroketal [90] and ethyl vinyl ketone. 
Reduction of [91] produced a diol functionality and an amine. The formation of 
racemic brevicomin [92] was finally accomplished by deamination followed by 
ketalisation with hydrochloric acid (Scheme 33). Using this strategy Curran100 
synthesised racemic pestalotin using a hydroximoyl chloride and an allyl alcohol. 
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para-Chlorophenyl isocyanate and triethylamine were employed to generate the 
nitrile oxide from a nitro compound for the synthesis of (+)-A26771B. The 1,3-
dipolar cycloaddition reaction of the nitrile oxide occurred in an intramolecular 
fashion to yield (+)-A26771B [93] (Scheme 34), as reported by Asaoka et al. 101 
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The use of N-chlorosuccinimide as a chlorinating agent and basic aluminium oxide 
as a solid phase base was reported by Torsell et al. in their novel route to D,L-
deoxysugars.102 The olefin, oxime, aluminium oxide (basic) and N-
chlorosuccinimide were mixed together in chloroform at the beginning of the 
reaction. When the hydroximoyl chloride is formed it is immediately converted to 
the nitrile oxide by the base and subsequently trapped by the olefin and so the 
nitrile oxide cydoaddition was simple practically (Scheme 35). 
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FMO Theory of 1,3-Dipolar Cycloaddition Reactions 
The reaction of the 41t electron dipole and 21t electron dipolarophile occurs via a 61t 
electron aromatic transition state but involves five rather than six atoms. Two new 
cr bonds are formed at the cost of two 1t bonds. Several mechanisms have been 
postulated to explain the reaction and account for the products. These include a 
one-step concerted process 103 through a two-step mechanism occurring via 
zwitterionic intermediates,I04 to diradical mechanisms.105 Little if any 
stereospecificity might be expected involving a diradical intermediate, in a 
stepwise diradical mechanism. The lack of solvent polarity effect is characteristic 
of a concerted mechanism, which involves the simultaneous production of both 
new bonds. Variable stereospecificity and a large effect of solvent polarity on 
reaction rate would be expected with a zwitterionic mechanism. A concerted but 
not synchronous process seems to be the accepted mechanism and the solvent 
polarity effects being small, is consistent with this view. 
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Using Frontier Molecular Orbital (FMO) theorylO6 it is possible to explain the 
stereo and regiocontrol. The reactions of the various dipoles and dipolarophiles, is 
dependent on the electron-donating or electron-withdrawing substituents on either 
species. These substituents can alter the reactivity of the dipoles and the 
dipolarophiles, and the effects can be explained using FMO theory.107 The energy 
difference between the Highest Occupied Molecular Orbital (HOMO) of one 
reactant and the Lowest Unoccupied Molecular Orbital (LUMO) of the other is the 
controlling feature of the cycioaddition reaction. The rate of reaction can be 
enhanced by substituents on either of the reactants that reduce the gap between the 
HOMO of one and the LUMO of the other. 108 The 1,3-dipolar cycioaddition can be 
classified into three types according to Sustmann109 and this comes from the 
different possibilities of combination of frontier molecular orbitals (Scheme 36). 
Type 1 HOMO controlled (interaction of dipole HO and dipolarophile LU 
dominant) 
Type 2 HO/LU controlled (both interactions are significant) 
Type 3 LUMO controlled (interaction of dipole LU and dipolarophile HO 
dominant) 
Dipole Dipolarophile 
Type 1 
(HO controlled) 
Dipole Dipolarophile 
Type 2 
(HO, LU controlled) 
Scheme 36 
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Dipole Dipolarophile 
Type 3 
(LU controlled) 
The effect of substituents depends on the type of FMO control on the reaction. 
Acceleration of type I and deceleration of type 3 reactions will occur when the 
substituents increase the dipole HOMO energy (electron-donating), or lower the 
dipolarophile LUMO energy (electron-withdrawing). Equally acceleration of type 
3 and deceleration of type I reactions will occur when electron-withdrawing groups 
are present on the dipole, or electron-donating groups are present on the 
dipolarophile. An increase in either frontier orbital interaction will accelerate type 
2 reactions. I ID 
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Scheme 37 
In a 1,3-dipolar cycioaddition, the atoms with the larger terminal coefficients of the 
interacting frontier orbitals interact to form the new bonds, producing the preferred 
regioisomer (Scheme 37). 
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An explanation of the regioselectivity of the 1,3-dipolar cycIoadditions of nitrile 
oxides is as follows. High energy HOMO's and LUMO's and large coefficients on 
the anionic terminus in the HOMO are possessed by electron-rich dipoles. The 5-
substituted product will be formed when the 1,3-dipoles react with monosubstituted 
dipolarophiles, as the reactions are dipole LUMO controlled. Regiochemistry for 
other dipolarophiIes is dependent on which frontier orbital interaction is dominant 
as the larger coefficient on the dipole HOMO is on the anionic terminus (Z), with 
the larger LUMO coefficient placed on the neutral terminus (X). The HOMO is 
not very polarised in electronically unsymmetrical disubstituted alkenes as the 
HOMO's of analogous monosubstituted aIkenes are polarised in opposite 
directions. The LUMO is highly polarised as the polarisation of the 
monosubstituted alkenes reinforce one another. A variant of relevance to this 
thesis is the cycIoaddition of enaminoesters with nitrile oxides (Scheme 38). 
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Reactions conducted using fJ-enaminoesters have a slightly polarised HOMO and 
very polarised LUMO, have electron-accepting groups 'A' and electron-
withdrawing groups 'D' that reinforce one another, and this therefore generates the 
5-D, 4-A regioisomer only (Scheme 38). The isoxazoline then spontaneously 
eliminates D to yield the isoxazole. 
We shall introduce in the next chapter, our strategy towards synthesis of 3-
acyltetramic acids using isoxazoles, formed from dipolar cycloaddition, as masked 
building blocks. 
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Discussion 
2.1 The Strategy 
During our synthetic studies towards 3-acyltetramic acids we have developed the 
strategy that combines the known disconnection of 3-acyltetramic acids to ~­
ketoesters69 with the concept of isoxazoles as masked 1,3-dicarbonyl compoundslO4 
(Scheme 39). 
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Scheme 39 
This first generation approach uses 5-(l-aminoalkyl)isoxazole-4-carboxylic esters 
[94] (RI = H) as latent tricarbonyl units with their preparation by 1,3-dipolar 
cycloaddition of nitrile oxides (prepared from nitro compounds) to enamines of 1-
amino-~-ketoesters. The polar enolic functionality is hidden until late in the 
reaction sequence. III Extension of this methodology to include more substituted 
examples (RI if. H) has to date been unsuccessful. The development of a second-
generation approach overcomes this difficulty.1l2 This strategy is based on 3-(1-
aminoalkyl)isoxazole-4-carboxylic esters [97] (Scheme 40). 
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The isoxazoles [97] are produced by 1,3-dipolar cycIoaddition of an enamine [96] 
derived from a p-ketoester, with a-amino nitrile oxides formed from a-amino acids 
via a-amino oximes [95], This revised cycloaddition strategy retains the key 
advantage of masking the highly polar, potentially reactive P,P' -tricarbonyl moiety 
of the acyltetramic acids [99] as an isoxazole, allowing elaborations around the 
core structure. Isoxazole formation via 1,3-dipolar cycloaddition of such 
enaminoesters is known to occur regiospecifically and is thought to be 
concerted.105 Following the formation of the isoxazole the amino and carboxy 
functionaIities will be deprotected in order to undergo reaction with one another 
resulting in the formation of an amide linkage and yielding the bicyclic 
pyrroloisoxazole [98]. It might be argued that the latter ring closure could take 
place between the amino substituent and a C-4 ester, but previous experience111 had 
indicated that this did not occur, perhaps because the formed ring contains three Sp2 
centres and a planar amide, which constrains the approach trajectories of the 
reacting groups. In addition a C-4 ester is a vinylogous carbamate, hence has 
reduced electrophilicity. Thus a more reactive carboxyl derivative is required, such 
as an active ester, as will be shown later. 
55 
Further elaborations may be made to the structure at this point before opening the 
isoxazole ring to yield the acyltetramic acid. It was hoped that deprotonation at the 
C-3 methyl group in the pyrroloisoxazole [98] and reaction with an appropriate 
reagent would lead to chain extension at the C-3 position. Using these procedures 
it was thought that prototypes of the 3-enoyl, 3-polyenoyl and 3-decalinoyltetramic 
acids could be generated, leading ultimately to natural examples. 
2.2 The Pyrroloisoxazoles 
The aim of the work was to reinvestigate and extend the approach previously 
pioneered, to generate the acyltetramic acids. 112, 113 The work contained within this 
thesis involves development of methodology for chain extension at the C-3 position 
in the pyrroloisoxazole (corresponding to C-5 in the isoxazole) to elaborate a range 
of tetramic acid C-3 side chains. Incorporation of side chains at this position could 
be accomplished utilising chemistry dependent on the isoxazole, for example by 
deprotonation using a base followed by quench with an electrophile. This is 
indicated in Scheme 39; the simplification of this side-chain in our retrosynthetic 
analysis indicates simple p-ketoesters as starting materials along with a-amino 
acids. 
We selected three amino acids for investigation, (S)-alanine, (S)-valine and (S)-
leucine. In order to generate the a-amino nitrile oxides required as 1,3-dipoles in 
our synthetic scheme, the amino acids had to be converted into the corresponding 
a-amino oximes. The first step in the reaction sequence (Scheme 41) was to 
convert the amino acids into their corresponding methyl ester hydrochloride salts 
by esterification. A suspension of (S)-alanine [100a] in dry methanol with the 
addition of 4.8 equivalents of freshly distilled acetyl chloride was allowed to reflux 
for 20h, followed by removal of the solvent in vacuo to produce a viscous 
colourless oil. The oil did not solidify immediately, but trituration with a few 
drops of diethyl ether yielded the (S)-alanine methyl ester hydrochloride [100] as a 
white solid in a yield of 97% and this was used without further purification. The 
product was stored as the hydrochloride salt for stability and ease of handling, and 
in a desiccator as it appears to be hygroscopic. The same methodology was 
applied to (S)-valine [lOla], again using 4.2 equivalents of freshly distilled acetyl 
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chloride in dry methanol and the reaction was allowed to reflux for 17h. Removal 
of the solvent in vacuo produced the (S)-valine methyl ester hydrochloride [101] as 
a white solid in a yield of 99% that was again stored in a desiccator. (S)-Leucine 
was not required for the esterification reaction as the desired (S)-Ieucine methyl 
ester hydrochloride [102a] compound was available from a previous researcher. 
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Scheme 41 
The next stage involved protecting the ammo functionality usmg the tert-
butoxycarbonyl (Boc) group. The Boc group was selected for ease of later 
removal, under conditions that would not affect an isoxazole ring. The protection 
was accomplished by treatment of the (S)-alanine methyl ester hydrochloride [100] 
in dichloromethane at O°C with 1.05 equivalents of di-tert-butyl dicarbonate. This 
was followed by the addition of 2 equivalents of triethylamine that was used to 
generate the free amine from the amino ester salt. After stirring at room 
temperature for 17h the reaction mixture was washed with IM citric acid solution 
and saturated brine, dried over magnesium sulfate and concentrated in vacuo. (S)-
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N-tert-Butyloxycarbonylalanine methyl ester [103] was isolated as a light yellow 
oil in a yield of 98%. Although the Boc group is relatively stable on silica, 
chromatography was deemed unnecessary, and the Boc-protected material was 
used without further purification. The same procedure was repeated for (S)-valine 
methyl ester hydrochloride [101] to generate (S)-N-tert-butyloxycarbonylvaline 
methyl ester [104] as a colourless oil in a yield of 98%. It was noted that the initial 
appearance of the (S)-alanine [100a] starting material was with a slight yellow 
tinge, whereas the (S)-valine [lOla] starting material appeared colourless. This 
was perhaps the reason for the difference in colour of the oily products. Finally, 
using (S)-leucine methyl ester hydrochloride [102a], generation of the desired (S)-
N-tert-butyloxycarbonylleucine methyl ester [102] was achieved as a colourless oil 
in a yield of 97%, and this material was used without further purification. The 
formation of the oximes from the N-protected esters was accomplished in two 
further stages, although without full isolation of the intermediate. 
First the (S)-N-tert-butyloxycarbonyl alanine methyl ester [103] was reduced to an 
aldehyde, using 2.5 equivalents of diisobutylaluminium hydride in toluene at 
-78°C. After quenching the reaction with methanol the reaction mixture was 
stirred in a solution of Rochelle salt. The organic layer was concentrated in vacuo 
to furnish the crude aldehyde as a pale yellow oil. A IH NMR spectrum was run on 
the crude sample which showed the disappearance of the three proton singlet peak 
at 1) 3.74 representing the methyl protons from the ester, and the appearance of a 
peak at 1) 9.56 corresponding to the single aldehyde proton. To avoid epimerisation 
at the aldehyde a-carbon the next stage of the reaction was conducted immediately 
to produce the oxime. The crude aldehyde was dissolved in a little ethanol and 
added to two equivalents of hydroxylamine hydrochloride and four equivalents of 
sodium acetate in water. The reaction mixture was heated to _70°C for 10min and 
then left to cool to room temperature, followed by storage at O°C overnight. 
However, no precipitation of the oxime was seen, possibly due to the product being 
very soluble in aqueous ethanol. Extraction using ethyl acetate followed by 
removal of the solvent in vacuo led to the desired (S)-2-tert-
butyloxycarbonylaminopropanaldoxime [105] product as a white solid in a yield of 
89%, as a mixture of the syn and anti isomers. The product was used without 
further purification, although it was noted that previous studies on this compound 
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had included purification that resulted in only one of the isomers being present.113 
Attempts to obtain a large enough crystal to conduct X-ray crystallography to 
determine its unequivocal structure were unsuccessful. 
The DIBAL reduction and direct oxime formation sequence was repeated with (S)-
N-tert-butyloxycarbonylvaline methyl ester [104] and again no precipitate of the 
oxime was obtained, but extraction using ethyl acetate and concentration in vacuo 
revealed the (S)-2-tert-butyloxycarbonylamino-3-methylbutanaldoxime [106] as a 
white solid in a yield of 97%, again as a mixture of the syn and anti isomers, which 
was not purified further. This method was used again for (S)-N-tert-
butyloxycarbonyl leucine methyl ester [102] to generate (S)-2-tert-
butyloxycarbonylamino-4-methylpentanaldoxime [107]. This was isolated as a 
white solid in a yield of 99% after extraction with ethyl acetate as a mixture of the 
syn and anti forms that was used wi thout further purification. The precursor "pro-
dipoles" for the cycloaddition had been constructed derived from amino acids.112 
Previous studies had indicated that solid derivatives of a-amino aldehydes are 
secure against epimerisation.114 
The next stage involved producing the enamine dipolarophiles from ~-ketoesters. 
Treatment of the readily available l3-ketoester ethyl acetoacetate with pyrrolidine 
under Dean-Stark conditions using toluene as the solvent formed the enamine ethyl 
3-pyrrolidinobut-2-enoate [108] as a brown oil in a yield of 77% (Scheme 42). 
~ 
C02Et 
+ o 
H 
Scheme 42 
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This was used without further purification and reacted with the nitrile oxide formed 
in situ from [105]. The nitrile oxide was generated from C-halogenation of the 
oxime by treatment with l.l equivalents of tert-butyl hypochlorite (Scheme 43). 
The resulting imidoyl chloride was treated with 1.1 equivalents of triethylamine in 
the presence of the enaminoester [108]. The reaction mixture was refluxed for ISh 
in chloroform and after cooling was washed with citric acid solution, and saturated 
brine with the organic layer being dried over magnesium sui fate, filtered and 
concentrated in vacuo to yield the crude product as a brown oil. Purification by 
column chromatography produced the desired ethyl (S)-3-(l-tert-
butyloxycarbonylaminoethyl)-5-methylisoxazole-4-carboxylate [109] as a yellow 
oil in a yield of 51 %. This reaction was conducted to aid in familiarisation with the 
practical aspects of the methodology of the cycloaddition and no further reactions 
were carried out upon this en amine or isoxazole. 
O ..rI'0H ..rI'0H N .... J C(CH3hOCl .... 1 ~ + Me, Cc4 Ri "Cl 
(' "NHSOC NHSoc 
C02Et 
[108J [105J 
Scheme 43 
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--CC1, 
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[109] 
Synthesis of a different enamine was conducted using tert-butyl acetoacetate and 
pyrrolidine, with toluene as a solvent under Dean and Stark conditions. This 
generated the tert-butyI3-pyrrolidino-2-butenoate [110] as a yellow solid in a yield 
of 95% that was used without further purification (Scheme 44). The reason for 
selecting a tert-butyl ester will become apparent later. 
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The (S)-2-tert-butyloxycarbonylaminopropanaldoxime [105] was C-chlorinated 
using N-chlorosuccinimide in chloroform at reflux for 3h. The pyrrolidine 
enamine [110] was then reacted with the imidoyl chloride and triethylamine under 
reflux in chloroform to generate the tert-butyl (S)-3-(1-tert-
butyloxycarbonylaminoethyl)-5-methylisoxazole-4-carboxylate [Ill] product as a 
yellow oil after purification by column chromatography in a yield of 54% (Scheme 
45). The methyl group at the 5-position was visible in the proton NMR spectrum 
as a 3-proton singlet at li 2.61. Utilising the tert-butyl 3-pyrrolidino-2-butenoate 
[110]. other isoxazoles were constructed (Scheme 45). Halogenation of (S)-2-tert-
butyloxycarbonylamino-3-methylbutanaldoxime [106] using NCS as above. 
followed by reaction with two equivalents of the tert-butyl 3-pyrrolidino-2-
butenoate [110] and triethylamine under reflux in chloroform. generated the desired 
tert-butyl (S)-3-( 1-te rt-butoxycarbonylamino-2-methyl propyl)-5-methy lisoxazole-
4-carboxylate [112] cycloadduct. Initially a brown oil. purification using column 
chromatography produced a yellow oil in a yield of 52%. 
--
[IIOJ 
[106J 
Scheme 45 
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The final oxime used was (S)-2-tert-butyloxycarbonylamino-4-
methylpentanaldoxime [107] and this was C-halogenated and reacted with 2 
equivalents of tert-butyl 3-pyrrolidino-2-butenoate [110] and triethylamine under 
reflux conditions in chloroform. The dark brown oil was purified using column 
chromatography to give the tert-butyl (S)-3-(1-tert-butoxycarbonylamino-3-
methylbutyl)-5-methylisoxazole-4-carboxylate [113] as a yellow oil in a yield of 
48% (Scheme 45). An X-ray crystal structure was obtained for this latter isoxazole 
(Crystal Structure 1). 
X-Ray crystal structure of tert-butyl-(S)-3-(1-tert-butoxycarbonylamino-3-
methylbutyl)-S-methylisoxazole-4-carboxylate [112] 
Crystal Structure I 
The X-ray crystallographic data confirm the structure of the isoxazole and also 
noteworthy is the p-turn-like structure where the carbonyl portion of the compound 
is forming a hydrogen bond with the amide portion of it. p-Turns are significant 
conformational features in peptides, and our isoxazole amino acids may be 
considered as suitable candidates for incorporation into pseudopeptide sequences as 
a p-tum mimic. 
62 
After the completion of the cycloadditions to form the various isoxazoles the next 
step was to couple the amino and carbonyl functionalities to form the bicyclic 
pyrroloisoxazoles. Before this, removal of the protecting groups had to be 
accomplished and the reason for the use of the tert-butyl 3-pyrrolidino-2-butenoate 
enamine [llO] now becomes apparent. Both the tert-butyl group on the carboxyl 
functionality and the tert-butoxycarbonyl group on the amino functionality were 
removed in one single step using an excess of organic acid. The tert-butyl (S)-3-(l-
tert-butyloxycarbonylaminoethyl)~5-methylisoxazole-4-carboxylate [Ill] was 
converted to (S)-3-(aminoethyl)-5-methylisoxazole-4-carboxylic acid 
hydrochloride [114] by the addition of lO equivalents of neat trifluoroacetic acid 
with stirring at room temperature for 24h as the deprotection step (Scheme 45). 
Concentration of this mixture in vacuo followed by the addition of 2M 
hydrochloric acid with stirring for O.5h and concentration in vacuo led to a brown 
residue that was dissolved in water and washed with ethyl acetate, with the aqueous 
phase evaporated to dryness to yield the hydrochloride salt as a light brown solid in 
a yield of 93%. The same methodology was used for tert-butyl (S)-3-(l-tert-
butoxycarbonylamino-2-methylpropyl)-5-methylisoxazole-4-carboxylate [112] but 
with stirring in trifluoroacetic acid for 17h followed by stirring in 2M hydrochloric 
acid for 17h to yield the (S)-3-(l-amino-2-methylpropyl)-5-methylisoxazole-4-
carboxylic acid hydrochloride [l15] as a light yellow solid in a yield of 92% 
(Scheme 46). This was repeated with tert-butyl (S)-3-(l-tert-
butoxycarbonylamino-3-methylbutyl)-5-methylisoxazole-4-carboxylate [113] with 
stirring in neat trifluoroacetic acid for 17h, followed by stirring in 2M hydrochloric 
acid for 17h to generate (S)-3-(l-amino-3-methylbutyl)-5-methylisoxazole-4-
carboxylic acid hydrochloride [116] as a beige solid in a yield of 83% (Scheme 46). 
Storage as the hydrochloride salts afforded added stability and easier handling of 
the compounds compared to the initially formed trifluoroacetate salts. 
Nevertheless they were kept in a desiccator due to their hygroscopic nature. 
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With the removal of the protecting groups, coupling of the amino and carboxyl 
functionalities can occur to fonn a peptide bond and thus the pyrroloisoxazole 
bicycle. The peptide·coupling agents EDCI and N-hydroxysuccinimide were 
employed to fonn the activated ester from the carboxylic acid. The choice of EDCI 
for this activation was made to generate a water-soluble urea by-product, avoiding 
the well-known difficulties in separation of the urea fonned from DCC, for 
example. The product ester is activated relative to an alkyl ester and substitution 
with the nitrogen nucleophile from the amino group expels the stable N-
hydroxysuccinimide as a leaving group. (S)-3-(1-Aminoethyl)-5-methylisoxazole-
4-carboxylic acid hydrochloride [114] and 1.1 equivalents of N-
hydroxysuccinimide in dry dimethylfonnamide at O°C were treated with EDCI 
coupling reagent. After stirring for 17h at room temperature triethylamine was 
added dropwise over 3h, and the reaction was allowed to stir for a further 17h. 
Concentration of the reaction mixture gave a residue that was washed with ethyl 
acetate, water, 2M hydrochloric acid and saturated sodium bicarbonate. After 
concentrating in vacuo, purification of the resultant solid by column 
chromatography led to the (S)-3,6-dimethyl-5,6-dihydro-4H-pyrrolo[3,4-
c]isoxazol-4-one [117] as an off-white solid in a yield of 22%. The yield was 
lower than expected as earlier attempts by another researcher had achieved a yield 
of 46%.112 It was assumed that perhaps some of the product had been lost in the 
aqueous washings. The aqueous washings were extracted with ethyl acetate and 
found to yield further quantities of crude product so the compound is to some 
degree soluble in water. This might be due to the not very hydrophobic nature of 
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the organic molecule, because it is not very large and does not contain many alkyl 
groups. It was thought that larger bicycles with larger alkyl side chains and hence 
a greater degree of hydrophobicity should produce greater yields. 
The same coupling methodology was applied to (S)-3-(I-amino-2-methylpropyl)-5-
methylisoxazole-4-carboxylic acid hydrochloride [115] for the formation of the 
lactam. Purification using column chromatography produced the (S)-6-(1-
methylethyl)-3-methyl-5,6-dihydro-4H-pyrrolo[3,4-c]isoxazol-4-one [118] as a 
white solid in a yield of 55%. A sample of the crystalline solid was sent for X-ray 
crystallography that revealed the structure (Crystal Structure 2). 
X-Ray crystal structure of (S)-6-(1-methylethyl)-3-methyl-5,6-dihydro-4H-
pyrrolo[3,4-c]isoxazol-4-one [118] 
Crystal Structure 2 
The bicyclic pyrroloisoxazole is shown to exist as a dimeric species in the solid 
state, with hydrogen bonding between the amide nitrogen of one molecule and the 
carbonyl group of another bridging the two molecules. The two fused five-
membered rings can be clearly seen. 
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The final molecule to be cyclised was (S)-3-(l-amino-3-methylbutyl)-5-
methylisoxazole carboxylic acid hydrochloride [116] using the same procedure as 
in the two previous cases. This produced the desired (S)-6-(2-methy1propy1)-3-
methyl-5,6-dihydro-4H-pyrrolo[3,4-c]isoxazol-4-one [119] product as a white solid 
after purification by column chromatography in a yield of 60%. The isolated yield 
was expected to be largerthan [117] and [118] due to the effect of having a larger 
alkyl side chain and thus a higher hydrophobicity. An X-ray crystal structure was 
also obtained for this compound that is again found to exist as a dimeric species in 
the solid state, with intermolecular hydrogen bonding linking the two molecules 
(Crystal Structure 3). 
X· Ray crystal of (S)·6·(2· methylpropyl)·3·methyl·5,6·dihydro·4H· pyrrolo[3,4· 
c ]isoxazol·4·one [119] 
Crystal Structure 3 
We now had available three su bstrates for our studies on elaboration of 
pyrroloisoxazoles as masked flexible building blocks for 3-acyltetramic acids. 
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Sites for elaboration are presented at C-3 or N-5 (Scheme 46), and we will 
concentrate on the former of these. 
The Deprotonation Approach 
Elaboration at C-3 of the pyrroloisoxazoles to form alkenyl side chains, was 
required in order to form, after unmasking, 3-enoyl side chains in the tetramic 
acids. Deprotonation is one of the possible ways of introducing alkenyl side chains 
at the 3-position. The removal of a proton from the methyl group in the 3-position 
by use of a base such as lithium diisopropylamide and subsequent quench with a 
suitable electrophile should lead to the formation of the desired product, based on 
the related deprotonation of C-5 methyl groups in simple isoxazoles.83 
The proposed chain extension at the 3-position in the pyrroloisoxazole was initially 
attempted using the (S)-3,6-dimethyl-5,6-dihydro-4H-pyrrolo[3,4-c]isoxazol-4-one 
[117] in dry tetrahydrofuran at -78°C and treating with lithium diisopropylamide. 
The lithium diisopropyl amide that was used was a commercial pre-prepared 
solution in a sealed glass bottle under an atmosphere of nitrogen, and 2.2 
equivalents were added. The two sites of deprotonation should be the N-H group 
followed by the C-3 methyl group, and the aldol-type reaction would involve using 
benzaldehyde as the electrophile. Previous work in the pyridone series 113. llS had 
indicated that the acidity of these two sites might be comparable, but it was hoped 
that any such reaction of the benzaldehyde with the lactam nitrogen would be 
reversible during the work-up procedure. After adding the lithium 
diisopropylamide the reaction was stirred at -78°C for O.75h. The mixture was 
then quenched with freshly distilled benzaldehyde and stirred for 0.5h at -78°C, 
and then allowed to warm to room temperature and stirred for a further 17h. After 
purification by column chromatography it was found that the isolated compound 
was the desired compound which had undergone a further transformation. The 
aldol-type adduct had dehydrated to produce a double bond, which was exactly 
what we required. The reaction afforded the 6-methyl-3-(2-phenylethenyl)-5,6-
dihydro-4H-pyrrolo[3,4-c]isoxazol-4-one [120] product as a white solid in 23% 
(Scheme 47). Using IH NMR spectroscopy, it could be seen that the peak for the 
3-methyl group had disappeared but there were new signals in the IH NMR 
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spectrum. The protons from the olefin were observed as two doublets with a 
coupling constant J 16 Hz indicating the presence of a trans double bond, with the 
protons of the benzene ring also visible. 
LDA 
PhCHO #' • ~ ~ THF 
# 
0 
[117] [120] 
Scheme 47 
With the success of this reaction it was hoped that the (S)-6-(l-methylethyl)-3-
methyl-5,6-dihydro-4H-pyrrolo[3,4-c]isoxazol-4-one [1l8] would undergo a 
similar reaction. Similar conditions were applied to the (S)-6-(I-methylethyl)-3-
methyl-5,6-dihydro-4H-pyrrolo[3,4-c]isoxazol-4-one [118], i.e. deprotonation 
using lithium diisopropylamide and benzaldehyde as the electrophile quench. This 
led to the formation of the desired 6-(l-methylethyl)-3-(2-phenylethenyl)-5,6-
dihydro-4H-pyrrolo[3,4-c]isoxazol-4-one [121] condensation product with double 
bond and the characteristic olefinic proton doublets of J 16 Hz. This was achieved 
in a yield of 24% (Scheme 48). 
N-O 
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Scheme 48 
Although the reaction did work the yields were too low to be synthetically useful. 
We thought that perhaps deprotonation was not taking place effectively at the 3-
position. The reactions were repeated to check the reproducibility but this did not 
yield the desired products. The quantities of base were varied using the same 
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electrophile but all that was recovered was the starting material. Attempts at using 
stronger bases, both n-butyllithium and t-butyllithium were also unsuccessful with 
recovery of the starting material. Table 1 shows these attempts. 
Base 
Reaction 
Starting 
Pyrroloisoxazole Product 
Equivalents I Conditions Material 
Type 
Benzaldehyde 
(%) 
(%) 
LDA/2.2eq THF 1-7SoC 
[117] 0 - SO 
Aldehyde l1.1eq Ilh 
LDA/2.2eq THF 1-7SoC 
[117] 0 As above 
Aldehyde l1.1eq Ilh 
LDA/0.2eq THF/-7SoC 
[117] 0 As above 
Aldehyde I 1.1 eq Ilh 
LDA/l.leq THF 1-7SoC 
[liS] 0 As above 
Aldehyde I l.leq 11h 
LDA/2.2eq THF 1-7SoC 
[liS] 0 As above 
Aldehyde l1.1eq Ilh 
LDA/3.5eq THF 1-7SoC 
[11S] 0 As above 
Aldehyde l1.1eq Ilh 
LDA/l.leq THF 1-7SoC 
[liS] 0 As above 
Aldehyde I 2.2eq Ilh 
LDA/2.2eq THF 1-7SoC 
[liS] 0 As above 
Aldehyde I 2.2eq Ilh 
LDA/3.5eq THF/-7SoC 
[11S] 0 As above 
Aldehyde I 2.2eq Ilh 
n-BuLi I 2.2eq THF/-7SoC 
[liS] 0 As above 
Aldehyde 12.2eq Ilh 
t-BuLi I 2.2eq THF 1-7SoC 
[liS] 0 As above 
Aldehyde I 2.2eq Ilh 
Table 1 
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For the reactions specified in the table a new bottle of commercial sure-sealed 
lithium diisopropylamide was used, and this was also the case regarding the 
solutions of n-butyllithium and t-butyllithium. Fresh lithium diisopropylamide 
generated from equimolar quantities of lithium diisopropylamine and n-
butyllithium was also used, but again yielded only the starting material. It was 
noted that although the pyrroloisoxazole solutions were colourless, upon addition 
of the pale yellow lithium diisopropylamide solution the reaction mixture changed 
to a red colour. It was thought that this red colour was associated with anion 
formation. So it was not known for sure if the N, C-dianion was being formed or 
even whether deprotonation was initially occurring at the N-H group. It was 
decided that a non-reversible electrophile was required so that a reverse reaction 
could not occur on the lactam nitrogen during aqueous work-up, to see whether 
deprotonation was occurring there at all. 
A procedure using 2.2 equivalents of n-butyllithium in dry tetrahydrofuran at 
-78°C was attempted, with the valine derived pyrroloisoxazole [118] and using 
freshly distilled methyl iodide as the quench and this resulted in formation of the 
N-meth yl compound 6-( l-methyleth yl)-3 ,5-dimethyl-5 ,6-dihydro-4 H -pyrrolo[3,4-
c]isoxazol-4-one [122], as a white solid in a yield of 46% after purification by 
column chromatography (Scheme 49). Thus N-alkylation was observed but no C-
alkylation. 
n·BuLi 
Mel 
• 
THF 
0 
[118] [122] 
Scheme 49 
The same reaction was also attempted with the valine-derived pyrroloisoxazole 
[118] but using 2.2 equivalents of t-buyllithium and freshly distilled methyl iodide 
as the quench. Unfortunately no reaction was observed and the pyrroloisoxazole 
starting material was recovered (Scheme 50). 
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It was thought that eliminating the need to form the dianion by using an N-tert-
butoxycarbonyl protected species would lead to more effective reaction at the 3-
position_ The valine-derived pyrroloisoxazole [lI8] was treated with L2 
equivalents of n-butyllithium in tetrahydrofuran at -78°C followed by addition of 
LOS equivalents of di-tert-butyl dicarbonate. The reaction was allowed to warm to 
room temperature and allowed to stir for 17h. The work-up involved washing with 
saturated ammonium chloride solution and drying over magnesium sulfate that was 
followed by filtration and concentration of the reaction mixture. Purification of the 
crude material by column chromatography led to the desired N-Boc protected 
material [118a] in a yield of 37% (Scheme 51). 
n-BuLi 
BOC20 
-THF 
0 0 
[118] [118a] 
Scheme 51 
A deprotonation-quench reaction carried out on the N-Boc protected 
pyrroloisoxazole [ll8a] using L2 equivalents of n-butyllithium followed by the 
addition of 1.1 equivalents of methyl iodide did not furnish the desired C-alkyl 
compound. Instead the N-methyl compound 6-(l-methylethyl)-3,5-dimethyl-5,6-
dihydro-4H-pyrrolo[3,4-c]isoxazol-4-one [122] was generated with the methyl 
group replacing the nitrogen protecting group (Scheme 52). Clearly the Boc group 
was not stable to the reaction conditions. 
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Attempts were made to check the formation of the C-anion by reaction of the 
alanine derived pyrroloisoxazole [117] with 2.2 equivalents of t-butyllithium and 
quenching with D20 to form the 3-deuteriomethyl compound, but no deuteration 
was observed, which indicated that the problem is either the formation or stability 
of the anion (Scheme 53). 
I-BuLi 
D20 
* 
CH2D 
THF 
0 
[117] 
Scheme 53 
Although the route to condensation products at the 3-position using the methods 
involving deprotonation with either lithium diisopropyl amide or n-butyllithium and 
t -butyllithium seemed unreliable, examination of the literature revealed work by 
Dal Piaz et al. lI6 who accomplished the related condensation of aromatic aldehydes 
with 3-methylisoxazolo[3,4-dJpyridazin-7(6H)ones (Scheme 54). They had taken 
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an equimolar mixture of the aromatic aldehyde and 3-methylisoxazolo[3,4-
dJpyridazin-7(6H)ones and refluxed these in an alcoholic medium in the presence 
of sodium methoxide for a few minutes to obtain after cooling and filtration, 
yellow crystalline solids, products of condensation reactions at the C-3 substituent . 
• 
MeOH N 
R,""/ "" ,::::::' N "-N "R' 
Scheme 54 
Using the methodology employed in this paper the reaction conditions were 
initially applied to (S)-6-(2-methylpropyl)-3-methyl-5,6-dihydro-4H-pyrrolo[3,4-
c]isoxazol-4-one [119] using 2.2 equivalents of freshly distilled benzaldehyde in 
dry methanol followed by addition of three equivalents of sodium methoxide in dry 
methanol. This was set to reflux for 5min and the yellow solution was immediately 
cooled in an ice bath. After filtration and drying in vacuo the green crystalline 
solid that was obtained was found to be the desired styryl product 6-(2-
methylpropyl)-3-(2-phenylethenyl)-5,6-dihydro-4H-pyrrolo[3,4-c ]isoxazol-4-one 
[123] (Scheme 55). The characteristic pair of doublets in the IH NMR spectrum 
provided testimony to the olefinic protons with a trans-coupling constant J 16 Hz. 
Column chromatography had not been applied to the green crystalline product, as it 
seemed sufficiently pure from the IH NMR and l3C NMR spectra. Although the 
reaction was fairly straightforward it was found that heating the reaction at reflux 
for five minutes and cooling immediately in an ice bath only generated between 7-
10% ofthe desired condensation product. Increasing the time at reflux did increase 
the yield of the styryl product with one hour found to be the optimum time, and any 
further increases to the refluxing time were found to not increase the yield 
significantly. For the 6-(2-methylpropyl)-3-(2-phenylethenyl)-5,6-dihydro-4H-
pyrrolo[3,4-c]isoxazol-4-one [123] the best yield that was obtained was 39% after 
refluxing for one hour. 
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R = CH3 [120] 
R = CH(CH3h [121] 
R = CH,CH(CH3h [123] 
The reaction was also conducted usmg (S)-6-(I-methylethyl)-3-methyl-5,6-
dihydro-4H-pyrrolo[3,4-c]isoxazol-4-one [118] in dry methanol with 2.2 
equivalents of freshly distilled benzaldehyde, followed by addition of 1.2 
equivalents of sodium methoxide in dry methanol then heating at reflux for three 
hours and immediate cooling in an ice bath. The resultant yellow crystals that were 
obtained were filtered and dried in vacuo and found to be 6-(1-methylethyl)-3-(2-
phenylethenyl)-5,6-dihydro-4H-pyrrolo[3,4-c]isoxazol-4-one [121], the desired 
condensation product in a yield of 44%, nearly twice the yield observed for the 
lithium diisopropyl amide method. The double bond was again found to be trans 
with the olefinic protons showing as doublets in the I H NMR spectrum, J 16 Hz. 
This reaction was further extended to the (S)-3,6-dimethyl-5,6-dihydro-4H-
pyrrolo[3,4-c]isoxazol-4-one [ll7] with 2.2 equivalents of freshly distilled 
benzaldehyde in dry methanol, followed by addition of 1.2 equivalents of sodium 
methoxide in dry methanol then heating under reflux for one hour, and cooling in 
an ice bath. This produced 6-methyl-3-(2-phenylethenyl)-5,6-dihydro-4H-
pyrrolo[3,4-c]isoxazol-4-one [120] as a yellow crystalline solid and the yield was 
found to be 48%, which was more than twice that obtained using the lithium 
diisopropyl amide method. 
Two of the styryl products afforded crystals suitable for X-ray structure 
determination. The X-ray crystallographic data for 6-(1-methylethyl)-3-(2-
phenylethenyl)-5,6-dihydro-4H-pyrrolo[3,4-c]isoxazol-4-one [121] confirm the 
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structure of the compound (Crystal Structure 4) and the isolated crystals were 
found to be non-racemic. The two fused five-membered rings can be clearly seen 
and the molecule is shown to exist as a hydrogen-bonded dimer species in the solid 
state. Also shown is the six-membered benzene ring, and the alkene geometry of 
the condensation product is shown conclusively to be trans. 
An X-ray crystal structure determination was also obtained for 6-(2-methylpropyl)-
3-(2-phenylethenyl)-5,6-dihydro-4H-pyrrolo[3,4-c]isoxazol-4-one [123]. This is 
shown to crystallise in a centrosymmetric space group and as hydrogen-bonded 
dimers (Crystal Stucture 5). The two fused five-membered rings are shown clearly 
as is the six -membered benzene ring. The alkene geometry is also confirmed to be 
trans. 
0111 NI1I 
X-Ray crystal structure of 6-(1-methylethyl)-3-(2-phenylethenyl)-5,6-dihydro-
4H -pyrrolo[3,4-c ]isoxazol-4-one [121] 
Crystal Structure 4 
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CllOl 
X-Ray crystal structure of 6-(2-methylpropyl)-3-(2-phenylethenyl)-5,6-
dihydro-4H -pyrrolo[3,4-c ]isoxazol-4-one [123] 
Crystal Structure 5 
To complete the series on condensation of pyrroloisoxazoles with aromatic 
aldehydes, it was decided that two further aromatic aldehydes should be employed. 
One was para-nitrobenzaldehyde, selected since it should be more reactive than the 
benzaldehyde due to the electron withdrawing effect of the nitro group by 
conjugation. The second was para-methoxybenzaldehyde, which should be less 
reactive than benzaldehyde due to donation of the methoxy oxygen electron lone 
pair by conjugation into the benzene ring. 
Thus (S)-3,6-dimethyl-5,6-dihydro-4H-pyrrolo[3,4-c]isoxazol-4-one [117] was 
treated with 2.2 equivalents of para-methoxybenzaldehyde in dry methanol, 
followed by addition of 1.2 eqivalents of sodium methoxide in dry methanol. The 
reaction mixture was heated under reflux for one hour and the yellow-green 
solution was then immediately cooled in an ice bath. No crystals could be seen in 
the solution and using thin layer chromatography revealed a spot not corresponding 
to the starting materials. It was reasoned that because the para-
methoxybenzaldehyde should be less reactive than benzaldehyde the reaction 
should take place much more slowly. The reaction was repeated several times with 
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heating stopped at hourly intervals up to a maximum of eight hours. It was found 
that five hours was the optimum time for reflux and that extending the reflux time 
did not significantly increase the yield. Cooling in the ice bath followed by 
filtration and drying in vacuo yielded the desired condensation product 3-[2-(4-
methoxyphenyl)ethenyl]-6-methyl-5,6-dihydro-4H-pyrrolo[3,4-c]isoxazol-4-one 
[124], as yellow crystals in a yield of 17% (Scheme 56). IH NMR spectroscopy 
revealed the olefin protons as a pair of doublets with J 16 Hz, i.e. the double bond 
being trans, and the four aryl protons appeared as two doublets with J 9 Hz. The 
mother liquor was found to contain mainly the (S)-3,6-dimethyl-5,6-dihydro-4H-
pyrrolo[3,4-c ]isoxazol-4-one [117] and para-methoxybenzaldehyde starting 
materials, with column chromatography on silica gel yielding only minute further 
quantities of the desired condensation product. 
R 
o 
p-CH30C6H4CHO 
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The method was repeated using (S)-6-(1-methylethyl)-3-methyl-5,6-dihydro-4H-
pyrrolo[3,4-c]isoxazol-4-one [118] and the optimum reflux time was found to be 
between three and four hours, to yield the desired 6-(I-methylethyl)-3-[2-(4-
methoxyphenyl)ethenyl]-5,6-dihydro-4H-pyrrolo[3,4-c]isoxazol-4-one product 
[125]. The yellow crystalline material was obtained in a yield of 18% and the 
mother liquor was again found to contain mostly starting materials, with column 
chromatography producing only very small further quantities of the styryl product. 
Reaction of the (S)-6-(2-methylpropyl)-3-methyl-5,6-dihydro-4H-pyrrolo[3,4-
c]isoxazol-4-one [119] also yielded the condensation product 6-(2-methylpropyl)-
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3-[2-(4-methoxyphen yl )ethenyl] -5, 6-dihydro-4H -pyrrolo [3 ,4-c] isoxazol-4-one 
[126]. Refluxing was conducted for only one hour followed by immediate cooling 
in an ice bath. Solid material was not seen but column chromatography revealed 
the condensation product as an off-white solid in a yield of 12%. The olefin 
protons were visible in the IH NMR spectrum as two doublets with J 16 Hz 
indicating a trans double bond. 
The final aromatic aldehyde to be used was para-nitrobenzaldehyde and this was 
expected to react more readily than benzaldehyde. (S)-3,6-Dimethyl-5,6-dihydro-
4H-pyrrolo[3,4-c]isoxazol-4-one [117] was treated with 2.2 equivalents of para-
nitrobenzaldehyde in dry methanol, with addition of 1.2 equivalents of sodium 
methoxide in dry methanol and the mixture heated at reflux for two hours. Yellow 
crystals were initially seen to form on the uppermost part of the flask and cooling 
of the yellow-orange solution in an ice bath produced more from the reaction 
mixture. The resultant yellow crystals were filtered and dried in vacuo. The 
compound was analysed by IH NMR spectroscopy which showed the presence of 
the olefin protons as doublets with J 16 Hz, indicating formation of the desired 6-
methyl-3-[2-(4-nitrophenyl)ethenyl]-5,6-dihydro-4H-pyrro10[3,4-c]isoxazol-4-one 
[127] condensation product, with the double bond being trans and with a yield of 
66% (Scheme 57). From thin layer chromatography it was found that the mother 
liquor contained mainly starting materials, and no attempts were made to obtain 
any more of the condensation product by column chromatography. 
p-NO,C6H4CHO 
R NaOMe R # • ~ ~ MeOH 
# 
0 N02 
R = CH3 [117] R = CH3 [127] 
R = CH(CH3lz [118] R = CH(CH3)z [128] 
R = CH2CH(CH3)z [119] R = CH,CH(CH3)z [129] 
Scheme 57 
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The reaction was repeated with (S)-6-(I-methylethyl)-3-methyl-5,6-dihydro-4H-
pyrrolo[3,4-c]isoxazol-4-one [118] and heating under reflux for one hour produced 
the desired 6-( l-methylethyl)-3-[2-( 4-nitrophenyl)ethenyl]-5,6-dihydro-4H-
pyrrolo[3,4-c]isoxazol-4-one [128] condensation product in a yield of 61 %. The 
resulting yellow crystals did not require any further purification, with IH NMR 
spectroscopy showing the presence of the olefin protons as two doublets; the 
double bond was again trans with J 16 Hz. The mother liquor was shown to 
contain mostly the starting materials and as before no attempts were made to obtain 
any further amount of the reaction product. 
The reaction was also conducted on the leucine-derived pyrroloisoxazole, (S)-6-(2-
methylpropyl)-3-methyl-5,6-dihydro-4H-pyrrolo[3,4-c]isoxaz01-4-one [119]. This 
yielded the 6-(2-methylpropyl)-3-[2-(4-nitrophenyl)ethenyl]-5,6-dihydro-4H-
pyrrolo[3,4-c]isoxazol-4-one [129] condensation product as a yellow crystalline 
solid in a yield of 57%, and confirmation of the alkenyl group was shown by the 
characteristic doublets in the I H NMR spectrum with J 16 Hz, indicating a trans 
double bond. 
As was expected, for the condensation of our pyrroloisoxazoles with aromatic 
aldehydes the order of reactivity with respect to the aldehydes seems to be para-
nitrobenzaldehyde > benzaldehyde> para-methoxybenzaldehyde. The yields were 
synthetically acceptable and the products isolated, with the exception of the 6-(2-
methylpropyl)-3-[2-(4-methoxyphenyl)ethenyl]-5,6-dihydro-4H-pyrrolo[3,4-
c]isoxazol-4-one [126], were pure crystalline solids obtained without the need for 
column chromatography or other purification methods. The datum indicated that 
the olefin protons in the styryl group are trans orientated in all cases, and there was 
no sign of any cis isomers. Racemisation also seems to have occurred in all the 
reactions as a consequence of the conditions employed in the reactions, since none 
of the isolated materials displayed any optical rotation. This is presumably due to a 
reversible deprotonation at C-6 in the basic protic reaction medium. With the 
success in the condensation at the 3-position it was thought that the novel 
compounds obtained could now undergo isoxazole ring opening to reveal novel 3-
acyltetramic acids. 
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Cleaving the N-O Bond 
Having achieved the desired aim of elaboration at C-3 of the pyrroloisoxazoles, the 
next stage of the strategy required N-O bond cleavage to unmask the acyltetramic 
acids. 
The products obtained from the condensation reactions of the pyrroloisoxazoles 
were subjected to hydrogenolysis. Reduction of tbe weak N-O bond by hydrogen 
and a catalyst to form the imino enol (or the enaminoketone tautomer) followed by 
hydrolysis of the imine was thought to be a suitable method for revealing the 3-
acyltetramic acids (Scheme 58). There is much precedent for isoxazole ring 
opening by hydrogen.8o We suspected that hydrogenolysis of the N-O bond could 
be achieved but at the cost of saturation of the alkenyl substituent. 
o 
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Samarium diiodide82 has been used as an alternative in previous reactions within 
our group but it was found that conversion to the enamino ketone only occurred in 
yields of about 50%, with the reaction being somewhat capricious.!!7 
Another method that has been utilised within our group involves brief treatment 
with hexacarbonylmolybdenum in moist acetonitrile.8! This had been found to 
provide access to tricarbonyl compounds with retention of unsaturation, 
presumably via the enamino ketones and hydrolysis by the water present. Both the 
method involving hexacarbonylmolybdenum in moist acetonitrile and the 
hydrogenolysis/hydrolysis metbod were utilised for revealing 3-acyltetramic acids 
from the pyrroloisoxazole condensation products. 
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6-Methyl-3-(2-phenylethenyl)-5,6-dihydro-4H-pyrrolo[3,4-c]isoxazol-4-one [120] 
in ethanol was added to a suspension of 10% PdlC in ethanol. The reaction vessel 
was purged with nitrogen and left under an atmosphere of hydrogen, with the 
reaction mixture stirred vigorously for 25h. Filtration of the reaction mixture using 
a Celite® pad and concentration in vacuo led to a reduction product that was 
presumed to be an enaminone. This was used directly in tetrahydrofuran and 
treated with 2M sodium hydroxide and heated at reflux for 17h. The reaction 
mixture was acidified and extracted using dichloromethane. Purification using 
column chromatography led to the 3-(I-hydroxy-3-phenylpropylidene)-5-
methylpyrrolidine-2,4-dione [130] as an oil in a yield of 57%. The reaction was 
successful in revealing the 3-acyltetramic acid but there was also hydrogenation of 
the C=C double bond, as we had expected (Scheme 59). 
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Scheme 59 
6-Methyl-3-(2-phenylethenyl)-5.6-dihydro-4H-pyrrolo[3,4-c]isoxazol-4-one [120] 
was subject to the alternative procedure involving heating under reflux in moist 
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acetonitrile with one equivalent of hexacarbonylmolybdenum for O.Sh. The 
reaction mixture was filtered through a Celite® pad and concentrated in vacuo 
followed by purification using column chromatography. This gave 3-(l-hydroxy-
3-phenylpropenylidene)-S-methylpyrrolidine-2,4-dione [133] as a yellow-green oil 
in a yield of 92%. The retention of the alkene double bond was shown by IH NMR 
spectroscopy with two doublets representing the olefin hydrogens. 
The hydrogenolysis methodology using hydrogenation with palladium on carbon 
was next applied to 3-[2-(4-methoxyphenyl)ethenyl]-6-methyl-5,6-dihydro-4H-
pyrrolo[3,4-c]isoxazol-4-one [124], with refluxing of the crude enaminone for 16h 
with 2M sodium hydroxide solution. Purification using column chromatography 
eluting with light petroleum ethyl acetate led to the formation of 3-[1-hydroxy-3(4-
methoxyphenyl)propylidene]-5-methylpyrrolidine-2,4-dione [131] as a yellow-
green oil in a yield of 55%. The hexacarbonylmolybdenum method was also 
applied to 3-[2-(4-methoxyphenyl)ethenyl]-6-methyl-S,6-dihydro-4H-pyrrolo[3,4-
c]isoxazol-4-one [124]. The desired 3-[1-hydroxy-3-(4-
methoxyphenyl)propenylidene]-5-methylpyrrolidine-2,4-dione [134] was obtained 
after purification by column chromatography as a yellow-green oil in a yield of 
86%. Thus again, unmasking of the tetramic acid unit could be accomplished with 
or without saturation of the 3-acyl side chain 
Lastly the hydrogenation method with 10% PdlC catalyst was attempted for 6-
methyl-3-[2-(4-nitrophenyl)ethenyl]-5,6-dihydro-4H-pyrrol0[3,4-c]isoxazol-4-one 
[127] with subsequent hydrolysis by 2M sodium hydroxide solution. Attempts to 
obtain a pure sample of the 3-[I-hydroxy-3-(4-nitrophenyl)propylidene]-S-
methylpyrrolidine-2,4-dione [132] product by column chromatography were 
unsuccessful. The desired compound could not be isolated and it is believed that 
the nitro group on the benzene ring was reduced to an amine. This would have 
produced a very polar zwitterionic compound. The reaction of 6-methyl-3-[2-( 4-
nitrophenyl)ethenyl]-5,6-dihydro-4H-pyrrolo[3,4-c]isoxazol-4-0ne [127] with 
hexacarbonylmolybdenum in contrast produced the desired 3-[I-hydroxy-3-(4-
nitrophenyl)propenylidene]-5-methylpyrrolidine-2,4-dione [135] after purification 
using column chromatography. This was obtained as a orange-yellow oil in a yield 
of 83%. 
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Success in generating a variety of 3-acyltetramic acids with different 3-acyl side 
chains had been accomplished using the alanine-derived compounds, and it was 
hoped to extend this methodology to the valine and leucine-derived series, to build 
up a library of novel 3-acyltetramic acids. 
6-( l-Methylethyl)-3-methyl-5,6-dihydro-4H-pyrrolo[3,4-c ]isoxazol-4-one [118] in 
the valine-derived series but unelaborated at C-3, was therefore subject to 
hydrogenolysis by hydrogenation with Pd/C in ethanol for 25h. Followed by 
hydrolysis of the crude enaminone by heating at reflux with 2M sodium hydroxide 
solution for 16h, purification by column chromatography gave the 3-(1-
hydroxyethylidene)-5-(1-methylethyl)pyrrolidine-2,4-dione [136] as an orange oil 
in a yield of 49% (Scheme 60). 
I. H2, Pd 
2. aq. mr 
[ll8] [136] 
Scheme 60 
Next, 6-( 1-methylethyl)-3-(2-phen ylethen yl)-5, 6-dihydro-4H -pyrrolo [3,4-
c]isoxazol-4-one [121] was also reacted using the hydrogenation method with 10% 
Pd/C. The reaction mixture was stirred vigorously under an atmosphere of 
hydrogen for 25h. The reaction mixture was filtered through a Celite® pad and 
concentrated in vacuo. Tetrahydrofuran and 2M sodium hydroxide solution were 
added to the crude enaminone and the reaction mixture was allowed to reflux for 
16h. Acidification of the reaction mixture followed by extraction using 
dichloromethane, gave the crude product. Purification using column 
chromatography gave 3-(1-hydroxy-3-phenylpropylidene)-5-(1-
methylethyl)pyrrolidine-2,4-dione [137] as an orange oil in a yield of 69% 
(Scheme 61). The expected saturation of the alkenyl substituent was revealed by 
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the appearance of two triplets in the IH NMR spectrum at /) 2.37 and /) 2.68, and 
the disappearance of the two doublets corresponding to the alkene hydrogens. 
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6-( 1-Methylethyl)-3-(2-phen ylethenyl)-5 ,6-dih ydro-4H -pyrrolo[3 ,4-c] isoxazol-4-
one [121] was next set to reflux for 0.5h with one equivalent of 
hexacarbonylmolybdenum in moist acetonitrile. Filtration of the reaction mixture 
using a celite pad followed by concentration of the residue gave a dark brown oil. 
This was purified using column chromatography to furnish the desired 3-( 1-
hydroxy-3-phenylpropenylidene )-5-(l-methylethyl)pyrrolidine-2,4-dione [140] as a 
yellow-green oil in a yield of 97%. Analysis of the IH NMR spectrum showed that 
the alkene double bond was intact with doublets visible for the alkene hydrogens. 
6-(I-Methylethyl)-3-[2-(4-methoxyphenyl)ethenyl]-5,6-dihydro-4H-pyrrolo[3,4-
c]isoxazol-4-one [125] was subject to hydrogenation for 25h at room temperature. 
The crude enaminone was treated at reflux with tetrahydrofuran and 2M sodium 
hydroxide for 16h. Acidification and the usual extractive work-up gave crude 
material that was purified to afford 3-[1-hydroxy-3-(4-
methoxyphenyl)propylidene]-5-(l-methylethyl)-pyrrolidine-2,4-dione [138] as a 
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yellow-green oil in yield of S9% (Scheme 61). As expected saturation of the 
alkenyl group had once again occurred. 6-(l-Methylethy1)-3-[2-(4-
methoxypheny1)ethenyl]-5,6-dihydro-4H-pyrrolo[3,4-c]isoxazolA-one [12S] was 
allowed to reflux with one equivalent of hexacarbonylmolybdenum in moist 
acetonitrile for O.Sh. Filtration of the reaction mixture followed by purification by 
column chromatography produced the 3-[1-hydroxy-3-(4-
methoxyphenyl)propenylidene ]-S-(l-methylethyl)pyrrolidine-2,4-dione [141] as a 
yellow-green oil in a yield of 96%. 
6-( 1-Methylethyl)-3 -[2-( 4-nitropheny1 )ethen yl]-S, 6-dihydro-4H-pyrrolo [3,4-
c]isoxazol-4-one [128] was subject to hydrogenation using 10% PdlC catalyst with 
stirring under an atmosphere of hydrogen for 2Sh. The reaction mixture was 
filtered using a Celite® pad and concentrated in vacuo. The crude residue was then 
hydrolysed by stirring in 2M sodium hydroxide solution for 16h. Attempts to 
isolate the 3-[1-hydroxy-3-( 4-nitrophenyl)propylidine]-S-(l-
methylethyl)pyrrolidine-2,4-dione product [139] using column chromatography 
were unsuccessful, and it is believed that (as in the alanine series) the nitro group 
on the benzene ring had been reduced. The same starting material, 6-( 1-
methylethyl)-3-[2-(4-nitrophenyl)ethenyl]-S,6-dihydro-4H-pyrrolo[3, 4-c]isoxazol-
4-one [128], was subject to reaction with one equivalent of 
hexacarbonylmolybdenum in moist acetonitrile. The reaction mixture was allowed 
to reflux for 1h, followed by filtration through a Celite® pad and concentration in 
vacuo. Purification using column chromatography gave the 3-[1-hydroxy-3-(4-
nitrophenyl)propenylidene]-S-(l-methylethyl)pyrrolidine-2,4-dione [142] as an 
orange oil in a yield of 96%. 
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The leucine-derived series was the final one used to produce novel 3-acyltetramic 
acids. 6-(2-Methylpropyl)-3-(2-phenylethenyl)-5,6-dihydro-4H-pyrr010[3,4-
c]isoxazol-4-one [123] in ethanol was added to 10% Pd/C catalyst and the reaction 
mixture was stirred vigorously for 25h under an atmosphere of hydrogen. The 
reaction mixture was filtered using a Celite® pad and concentrated in vacuo, and 
the crude enaminone allowed to reflux with tetrahydrofuran and 2M sodium 
hydroxide solution for 17h. The solution was acidified followed by extraction with 
dichloromethane. Purification using column chromatography revealed the 3-( 1-
hydroxy-3-phenylpropylidene)-5-(2-methylpropyl)pyrrolidine-2,4-dione [143] as a 
yellow-green oil in a yield of 58% (Scheme 62). The 6-(2-Methylpropyl)-3-(2-
phenylethenyl)-5,6-dihydro-4H-pyrrolo[3,4-c]isoxazol-4-one [123] starting 
material was also allowed to reflux for O.5h with one equivalent of 
hexacarbonylmolybdenum in moist acetonitrile. Filtration through a Celite® pad 
followed by concentration in vacuo produced a dark brown oil. Purification using 
column chromatography gave the desired 3-(l-hydroxy-3-phenylpropenylidene)-5-
(2-methylpropyl)pyrrolidine-2,4-dione [146] as a yellow oil in a yield of 86%. The 
alkene group was retained as shown by the NMR spectra. 
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6-(2-Methylpropyl)-3-[2-( 4-methoxyphenyl)ethenyl]-S,6-dihydro-4H-pyrrolo[3,4-
c]isoxazol-4-one [126] was subjected to hydrogenolysis under one atmosphere of 
hydrogen with 10% PdlC catalyst for 2Sh. The reaction mixture was filtered and 
concentrated in vacuo, and the crude enammone allowed to reflux with 
tetrahydrofuran and 2M sodium hydroxide solution for l7h. Acidification, 
extractive workup and eventual purification using column chromatography 
revealed the desired 3-[1-hydroxy-3-(4-methoxyphenyl)propylidene]-S-(2-
methylpropyl)pyrroIidine-2,4-dione [144] as a yellow-green oil in a yield of 61 %. 
Using the same 6-(2-methylpropyl)-3-[2-(4-methoxyphenyl)ethenyl]-S,6-dihydro-
4H-pyrrolo[3,4-c]isoxazol-4-one [126] starting material, a reaction was conducted 
with one equivalent of hexacarbonylmolybdenum at reflux in moist acetonitrile for 
O.Sh. Filtration through a CeIite® pad followed by purification with column 
chromatography revealed the desired 3-[1-hydroxy-3-(4-
methoxyphenyl)propenyIidene]-S-(2-methylpropyl)pyrroIidine-2,4-dione [147] as a 
yellow oil in a yield of 87%. 
Finally 6-(2-methylpropyl)-3-[2-( 4-nitrophenyl)ethenyl]-S,6-dihydro-4H-
pyrrolo[3,4-c]isoxazol-4-one [129] in ethanol was subjected to the hydrogenolysis 
conditions followed by basic hydrolysis, but once again attempted purification 
using column chromatography was unsuccessful and no compound was obtained. 
It was thought that the hydrogenation stage of the reaction converted the nitro 
group on the benzene ring to an amine group, and this is what is causing the 
purification problems in the (nitrophenyl)ethenyl series. The same 6-(2-
methylpropyl)-3-[2-( 4-nitrophenyl)ethenyl]-S,6-dihydro-4H-pyrrolo[3,4-
c]isoxazol-4-one [129] starting material was utilised m the 
hexacarbonylmolybdenum approach. The starting material was allowed to reflux 
with one equivalent of hexacarbonylmolybdenum in moist acetonitrile for O.Sh. 
The reaction mixture was filtered through a Celite® pad and concentrated in vacuo. 
Purification of the crude material gave the 3-[I-hydroxy-3-(4-
nitrophenyl)propenylidene]-S-(2-methylpropyl)pyrroIidine-2,4-dione [148] as an 
orange-yellow oil in yield of 9S%, with retention of the alkene group. 
We had thus successfully prepared six novel 3-(3-arylpropanoyl)tetramic acids, and 
nine novel 3-(3-arylpropenoyl) tetramic acids, from the C-3 elaborated 
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pyrroloisoxazoles, which we have reported. llB This clearly justified the selected 
synthetic strategy. 
Reaction with Ketones 
It was thought useful to introduce a double bond substituent to the 
pyrroloisoxazoles (and hence to the acyltetramic acids) bearing an unsaturated 
bond at the 3-position since many of the natural products have this feature. Also 
the double bond could be the site of a variety of reactions. This would allow 
progress to some novel compounds and help pave the way for synthesis of natural 
products. It was decided to employ similar deprotonation methodology that had 
been used to condense the 3-methyl pyrroloisoxazoles with the aromatic aldehydes 
but using aliphatic ketones instead, which would produce tri-substituted alkenyl 
functions. 
The reaction was conducted using 6-(2-methylpropyl)-3-methyl-5,6-dihydro-4H-
pyrrolo[3,4-c]isoxazol-4-one [119] with 2.2 equivalents of 2-pentanone in dry 
methanol, upon addition of 1.2 equivalents of sodium methoxide in dry methanol 
and the reaction was set to reflux for two hours before immediately cooling in an 
ice bath. There were no solid materials visible in the reaction flask or after 
filtration, and thin layer chromatography revealed that only the starting materials 
were present. It was thought that the reaction required longer at reflux so this 
period was extended to seven hours. This proved fruitless with no crystalline solid 
present in the reaction vessel or hint of product from the analysis of the reaction 
mixture (Scheme 63). The pyrroloisoxazole starting material was retrieved by 
column chromatography. 
R 
[119] 
2-Pentanone 
"( . 7 
NaOMe 
R 
Scheme 63 
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Due to the failure of the method involving refluxing with sodium methoxide in 
methanol. it was decided to revisit the methodology involving deprotonation with a 
strong base such as n-butyllithium followed by quench with a ketone electrophile. 
6-(2-Methylpropyl)-3-methyl-5.6-dihydro-4H-pyrrolo[3,4-c]isoxazol-4-one [119] 
was treated with 2.2 equivalents of n-butyllithium at -78°C. followed by addition 
of 2-pentanone with stirring at -78°C for three hours followed by warming to room 
temperature. The reaction was found to be successful. in that addition of the 2-
pentanone occurred but without elimination of water to yield the alkenyl group 
(Scheme 64). Column chromatography was used to purify the 3-(2-hydroxy-2-
methylpentyl)-6-(2-methylpropyl)-5.6-dihydro-4H-pyrrolo[3.4-c]isoxazol-4-one 
[149] product as a pale yellow oil in a yield of 12%. 
The method was repeated usmg the same 6-(2-methylpropyl)-3-methyl-5.6-
dihydro-4H-pyrrolo[3,4-c]isoxazol-4-one [119] starting material with other methyl 
ketones (Scheme 63). Reaction with 2-hexanone generated 3-(2-hydroxy-2-
methylhexyl)-6-(2-methylpropyl)-5.6-dihydro-4H-pyrrolo[3.4-c]isoxazol-4-one 
[150] and purification by column chromatography yielded the compound as a green 
oil in a yield of 15%. Generation of the 3-(2-hydroxy-2-methylheptyl)-6-(2-
methylpropyl)-5.6-dihydro-4H-pyrrolo[3,4-c ]isoxazol-4-one [151] was 
accomplished under similar reaction conditions using 2-heptanone. purification by 
column chromatography producing a green oil in a yield of 21 %. The reaction 
involving 2-octanone generated the 3-(2-hydroxy-2-methyloctyl)-6-(2-
methylpropyl)-5.6-dihydro-4H-pyrrolo[3,4-c]isoxazol-4-one [152] compound as 
green oil in a yield of 28% after column chromatography. The final ketone in this 
series to be used was 2-nonanone. and this produced the 3-(2-hydroxy-2-
methylnonyl)-6-(2-methylpropyl)-5.6-dihydro-4H-pyrrolo[3,4-c]isoxazol-4-one 
[153] as a green oil after purification by column chromatography. in a yield of 
25%. 
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Elimination to form Double Bond 
After the isolation of the five 3-(2-hydroxyalkyl) compounds in Scheme 64, the 
next step was to eliminate the alcohol to form the dehydration product. This is 
usually accomplished in solution by acid catalysis with water being eliminated by 
an E I mechanism after protonation of the tertiary alcohol. 
3-(2-Hydroxy-2-methylhexyl)-6-(2-methylpropyl)-5,6-dihydro-4H-pyrrolo[3,4-
c]isoxazol-4-one [150] was used in the eliminations with dry toluene and a 
catalytic amount of para-toluenesulfonic acid (tosic acid). A Dean-Stark apparatus 
was attached and the mixture was set to reflux for two hours, after which it was left 
to cool to room temperature. Drying with magnesium sulfate, filtering and 
concentrating in vacuo yielded a yellow oil. A small sample of the crude material 
was examined by IH NMR spectroscopy and it wa~ found that there was no sign of 
any olefinic proton signals, and it seemed that only starting material was present. 
The reaction was repeated and monitored but even after seven hours it was found 
that only the starting material was present. The reaction was allowed to remain at 
reflux for 17h overnight and analysis showed that the elimination product was not 
present, and again only the starting material was observed (Scheme 65). 
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The elimination reaction of 3-(2-hydroxy-2-methylhexyl)-6-(2-methylpropyl)-5,6-
dihydro-4H-pyrrolo[3,4-c]isoxazol-4-one [150] was also attempted usmg 
camphorsulfonic acid. The reaction was conducted in dry toluene using a Dean-
Stark apparatus with a catalytic amount of camphorsulfonic acid. The reaction was 
heated under reflux for 24h and analysis showed that there had been no reaction, 
with just the starting material being present. The reaction was also attempted using 
Hel in dioxane as the acid catalyst with dimethylformamide as the solvent and 
molecular sieves were included in the reaction. Heating under reflux was 
conducted for 24h but analysis showed that the elimination had not taken place 
(Scheme 65). No further reactions were attempted and this brought to an end the 
dehydration studies in this area. Later it was found that another colleague working 
with similar compounds had accomplished an elimination and the conditions 
required as many as seven days at reflux with further quantities of para-
toluenesulfonic acid added periodically (Scheme 66).119 
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Condensation with an ortho-Substituted Aromatic Aldehyde 
As it was possible to introduce aromatic aldehydes at the 3-position in the 
pyrroloisoxazole using the methodology of condensation with sodium methoxide, it 
was wondered whether this method could be included in the synthesis of a model 
ofthe ring system of the natural product equisetin [16]. 
L , 
[16] 
Before beginning to make the desired aldehyde on the way to the ring system of 
equisetin, it was necessary to check whether the method of condensing the 
pyrroloisoxazole with an ortho-substituted aromatic aldehyde was a feasible 
reaction. A condensation reaction with sodium methoxide was one option but the 
methodology in the literature by Nayak et al. l2O involving synthesis of chaIcones 
(Scheme 67) seemed an interesting variant. 
0 0 
I ~ ~ ~ 10% NaOH + 
• 
~ ~ 
Scheme 67 
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The general experimental procedure involved taking a IOmmol solution of 
aromatic ketone in ethanol then adding a 10% potassium hydroxide solution at DOe. 
After l5min IOmmol aromatic aldehyde was added and the solution stirred for a 
further l5min, then allowed to warm to room temperature after which it was placed 
in a refrigerator overnight. The product could then be filtered off and dried in 
vacuo without the need for further purification. This method was applied to a 
solution of the 6-(l-methylethyl)-3-methyl-5,6-dihydro-4H-pyrrolo[3,4-c ]isoxazol-
4-one [118] in ethanol, with addition of 10% sodium hydroxide solution at Doe. 
The ortho-tolualdehyde in 1.2 equivalents was added and the solution was 
maintained at Doe for 15min after which it was allowed to warm to room 
temperature and stirred for four hours then placed in a refrigerator overnight. The 
next day it was found that there was a suspension present, and the solid was filtered 
off and dried in vacuo to yield a yellow crystalline solid in a yield of 63%. 
Analysis of the crude material showed that the desired 6-(I-methylethyl)-3-[2-(2-
methylphenyl)ethenyl]-5,6-dihydro-4H-pyrrolo[3,4-c]isoxaz01-4-one product [154] 
had been obtained (Scheme 68). Using 1 H NMR spectroscopy the characteristic 
protons of the olefin are clearly visible with J 16 Hz, indicating the presence of a 
trans double bond. Also noted was the methyl group present on the benzene ring. 
The reaction was a success not only because of the reasonable yield and the 
relatively simple reaction conditions but also because the reaction had worked with 
the ortho-substituted aromatic aldehyde. This meant that the aldehyde that is going 
to be constructed for the equisetin model should condense with the 
pyrroloisoxazole. 
0-.-;::: 
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Our proposed model for the equisetin ring system is shown in Scheme 69, and is 
designed to utilise the condensation we have developed with aromatic (non-
enolisable) aldehydes. The target molecule selected was [159]. 
In order to construct the equisetin model it was necessary to have the correct ortho-
substituted aromatic aldehyde. Following the retrosynthetic strategy in Scheme 69 
the structure of the required aldehyde [158] can also be seen, and it is necessary 
after the condensation with the pyrroloisoxazole to conduct an intramolecular 
Diels-Alder reaction (as proposed in the biosynthesis of equisetin) followed by N-
O bond cleavage and hydrolysis to furnish the 3-acyltetramic acid. 
R 
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2.3 Constructing the 2-(Hexa-3,5-dienyl)benzaldehyde 
0--<° 
[157] ° 
[Pd2(dbah]·CHCI3 
• \ 
[158] 
Scheme 70 
Before any attempted route to produce the aldehyde literature searches were 
conducted to see whether there were any previous syntheses reported. Tamaru et 
al. 12l had accomplished synthesis of doubly unsaturated aldehydes by a novel 
palladium-catalysed decarboxylative ring opening of cyclic carbonates. They 
accomplished synthesis of 2-(hexa-3,5-dienyl)benzaldehyde [158] from its 
corresponding cyclic carbonate [157] as a mixture of the trans (E) and cis (Z) 
isomers in a ratio of 10:1 from lH NMR spectroscopy as an oil in a yield of 77% 
(Scheme 70). The methodology to produce the carbonate required an aldol 
addition of tetralone to acrolein then reduction of the ketone with lithium 
aluminium hydride followed by cyclocarbonation with methyl chloroforrnate 
(Scheme 71). 
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The first step of the reaction was to conduct an addition to the acrolein by the 
tetralone. A detailed experimental method was not reported so one was proposed 
where the tetralone could first be converted to its silyl enol ether and then reacted 
with acrolein in the presence of titanium(IV) tetrachloride (TiCI4), as demonstrated 
by Mukaiyama et al. 122 (Scheme 72). The intermediate product is the silyl ether of 
the aldol adduct, but this is hydrolysed during work-up. The Lewis acid TiCl4 
bonds to the carbon atom of the the electrophile so the aldol reaction can take place 
as the positive charge on the titanium-complexed carbonyl oxygen makes the 
aldehyde reactive enough to be attacked by the not very nucleophilic silyl enol 
ether. 
Firstly, to make the silyl enol ether the solution of tetralone in dry diethyl ether was 
treated with 1.1 equivalents of a 2.5M solution of n-butyllithium in hexane at O°C. 
The reaction was stirred for O.5h followed by addition of 1.1 equivalents of 
chlorotrimethylsilane at -50°C. After Ih the reaction was filtered and evaporated. 
Distillation of the residue under vacuum led to the formation of a blue product in a 
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yield of 87% and it was thought that decomposition had occurred. Nonetheless the 
product was reacted with 1.1 equivalents of freshly distilled acrolein and an 
equimolar amount of titanium tetrachloride at -78°C for 2h. Reaction work-up and 
analysis showed that we had not generated the desired product. This reaction was 
conducted several times with increases in the reaction time and increasing the 
quantities of both the acrolein and the Lewis acid, but all were fruitless. Keeping 
the temperature of the distillation apparatus low alleviated the decomposition 
problem arising from the distillation of the intermediate silyl enol ether. 
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Scheme 72 
Due to the lack of success in producing the aldol addition product in what was 
thought to be a relatively straightforward reaction, the advice of the authors was 
sought.123 The method they supplied to furnish the aldol addition product (Scheme 
71) involved freshly preparing a solution of lithium diisopropylamide at -78°C, 
which was allowed to warm to O°C. The tetralone was then added at -78°C. This 
was followed by the addition of the acrolein dropwise followed immediately by the 
addition of water and neutralisation using 6M hydrochloric acid. The work-up 
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included washing with 2M hydrochloric acid followed by saturated sodium 
hydrogen carbonate solution and saturated sodium chloride solution, drying over 
magnesium sulfate with filtering and concentrating in vacuo. Purification of the 
residue was conducted using column chromatography eluting with light 
petroleum/ethyl acetate (8: 1) that produced 2-(1-hydroxy-2-propenyl)-3,4-dihydro-
2H-naphthalen-l-one [155) as a light green oil in a yield of 90%. 
The next stage of the reaction was the reduction of the ~-hydroxyketone [155) by 
adding 1.4 equivalents of lithium aluminium hydride with dry diethyl ether as the 
solvent at O°C. The mixture was quenched with a mixture of tetrahydrofuran and 
water followed by 15% sodium hydroxide solution, dried over magnesium sulfate 
and concentrated in vacuo. The residue was purified using column 
chromatography eluting with light petroleum/ethyl acetate (6: 1) to yield 2-(1-
hydroxy-2-propenyl)-1,2,3,4-tetrahydronaphthalene-I-ol [156) as a green oil in a 
yield of 85%. 
The next step was to make the cyclic carbonate, so to a solution of the 1,3-diol 
[156) with 8.3 equivalents of triethylamine in dry dichloromethane was added 6.6 
equivalents of methyl chloroformate at O°C. The work-up involved washing with 
saturated sodium chloride solution and drying over magnesium sulfate, filtering 
and concentrating in vacuo. Purification was conducted using column 
chromatography eluting with light petroleum/ethyl acetate (8:1) to give the 4-vinyl-
4a,5,6,lOb-tetrahydro-4H-naphtho[I,2-d][1,3)dioxin-2-one [157) as a white solid in 
a yield of 56%. After successfully making the cyclic carbonate it was now 
essential to conduct the palladium-catalysed ring opening to produce the desired 
aldehyde. 
The 4-ethenyl-4a,5,6, 1 Ob-tetrahydro-4H-naphtho[ I ,2-d] [I ,3)dioxin-2-one [157) 
was treated with 0.05mmol of palladium dibenzylideneacetone [Pd2(dba)3).CHCh 
in dry acetonitrile with protection from the atmosphere. The reaction was stirred 
for 48h at room temperature followed by dilution with diethyl ether and filtration 
through a Celite® pad. The filtrate was washed with saturated sodium bicarbonate 
solution and dried over magnesium sulphate and concentrated in vacuo to yield a 
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light yellow oil. The oil was purified using column chromatography to yield the 2-
(hexa-3,5-dienyl)benzaldehyde [158) as a light yellow oil in a yield of 61 %, 
Condensation of the Aromatic Aldehyde 
The successful generation of the aldehyde meant that the condensation with the 6-
(2-methylpropyl)-3-methyl-5,6-dihydro-4H-pyrrolo[3,4-c )isoxazol-4-one [118) 
could be attempted. The same conditions that were used to condense the 
pyrroloisoxazole with 2-methylbenzaldehyde were used. A solution of the 
pyrroloisoxazole in ethanol was added to a solution of 10% potassium hydroxide 
solution followed by addition of 1.2 equivalents of 2-(hexa-3,5-
dienyl)benzaldehyde [158) at O°C (Scheme 73). After stirring for 4h at room 
temperature and leaving in a refrigerator overnight the reaction was found not to 
contain any suspension. Extraction of the solution with ethyl acetate and analysis 
by thin layer chromatography revealed the presence of only the starting materials. 
A crude sample from the reaction was also analysed by lH NMR spectroscopy and 
this did not show the presence of the characteristic olefin protons from the 
condensation with the loss of the protons at C-3 in the pyrroloisoxazole, so it seems 
likely that the reaction was unsuccessful. The reaction was repeated but stirring at 
room temperature was increased to 7h before refrigeration overnight. The reaction 
was checked for any suspension and filtered but no solid material was recovered, 
and extraction of the filtrate and analysis revealed only the presence of starting 
materials with no sign of the desired condensation product. 
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The disappointment with the sodium hydroxide method prompted the use of the 
sodium methoxide procedure. The method and conditions that had been employed 
previously to condense aromatic aldehydes with the pyrroloisoxazoles were used. 
The reaction was refluxed for a maximum of five hours with monitoring by thin 
layer chromatography and again it seemed as though there were just the starting 
materials present, and a crude IH NMR sample did not show any signs of the olefin 
doublets from the condensation, or of any aldol condensation product (Scheme 73). 
Further studies are needed in this area to complete the approach to the equisetin 
model, but at this point we ended our studies due to a lack of time. 
100 
Conclusion 
In conclusion we have been successful in developing a new methodology for the 
synthesis of tetramic acids via chain extension at C-3 in the 3-methylpyrrolo[3,4-
cJisoxazoles. The introduction of substituents at the C-3 position in the 3-
methylpyrrolo[3,4-cJisoxazoles by deprotonation and reaction with aIiphatic 
ketones has led to the formation of the novel hydroxy adducts. The reaction of the 
bicyclic 3-methylpyrrolo[3,4-cJisoxazoles with aromatic aldehydes under 
thermodynamic conditions followed by cleavage of the N-O bond has led to the 
formation of a variety of tetramic acids. With molybdenum hexacarbonyl novel 3-
enoyItetramic acids have been produced and using hydrogen-catalyst novel 3-
acyltetramic acids have been generated. 
Attempts to synthesise the natural product equisetin using this approach has been 
briefly explored and we are continuing to extend this methodology for the 
development of novel 3-acytetramic acids and 3-enoyl systems. 
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Experimental 
3.1 General Details 
IH NMR spectra were measured at 250 MHz or at 400 MHz using a Bruker AC 
250 spectrometer or a Bruker DPX 400 MHz spectrometer. Chemical shift, 0, 
values are given in ppm (parts per million) and coupling constants in Hz. 
Multiplets are designated by the following symbols: s, singlet; d, doublet; t, triplet; 
m, multiplet. 
13C NMR spectra were recorded on a Bruker AC 250 MHz or a Bruker DPX 400 
MHz instrument operating at 62.86 and 100.62 MHz respectively. 
All spectra were recorded using tetramethylsilane (TMS) as the internal reference 
in CDCh or DMSO unless otherwise stated. 
IR spectra were determined using a Perkin Elmer FT-IR Paragon 1000 
spectrometer. 
All the infrared spectra were recorded in the range 4000 - 600 cm-I. 
Mass spectra were recorded on a Jeol SX 102 instrument. In the description of 
mass spectra MH+ and M+ refer to the molecular ion peak obtained by ionisation. 
The intensity of principle peaks (miz) are given as a percentage. 
Microanalyses were performed on a Perkin Elmer Analyser 2400 CHN. Results 
are given as a percentage. 
Melting points were determined using an Electrothermal-IA 9100 and are 
uncorrected. They are given in degrees Celsius (0C). 
Thin Layer Chromatography using silica gel as the absorbent was carried out 
with aluminium backed plates with silica gel (Merck Kiesel 60 F254). 
Column chromatography using silica gel was carried out with Merck Kiesel 60 H 
silica. 
Solvents were distilled before use. Petroleum ether (b.p. 40-60°C) and ethyl 
acetate were distilled from anhydrous calcium chloride. Dichloromethane (DCM) 
was distilled from phosphorus pentoxide. Tetrahydrofuran (THF) and diethyl ether 
were freshly distilled from sodium and benzophenone under an atmosphere of 
nitrogen, and toluene was distilled from calcium hydride. Methanol was freshly 
distilled from magnesium over an atmosphere of nitrogen. 
All the reactions were performed under nitrogen unless stated otherwise_ 
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(S)-Alanine methyl ester hydrochloride [100] 
Meyco2Me 
NH2·HCI 
To a suspension of (S)-alanine (l7.50g, 0.196mol) in dry methanol (l25ml) at ODC, 
acetyl chloride (64.62g, 58.43ml, 0.82mol, 4.8eq) was added dropwise over lh 
with stirring, via syringe pump. The reaction mixture was heated to reflux for 20h 
then the reaction was cooled to room temperature and the solvent removed in vacuo 
to yield a viscous colourless oil, which formed a white solid after trituration 
(27.41g, 97%) that was used without further purification; m.p. 1l0-1l2DC (lit., 113 
109-11IDC); OH (250MHz; (CD3hSO) 1.55 (3H, d, J 7, CH3CH), 3.84 (3H, s, 
OCH3 ), 4.32 (lH, q, J 7, CH3CH), 8.60 (3H, br s, +NH3). 
(S)-N-tert-Butyloxycarbonylalanine methyl ester [103] 
Mey C02Me 
H""I 
NHBoc 
To (S)-alanine methyl ester hydrochloride (5.30g, 37.96mmol) in dichloromethane 
(l80ml) at ODC, di-tert-butyl dicarbonate (8.7rnl, 39.86mmol, 1.05eq) was added. 
The mixture was stirred for 15min with protection from the atmosphere, 
triethylamine (7.68g, 1O.58rnl, 75.92mmol, 2eq) was then added, and the reaction 
mixture stirred for 17h. The mixture was then washed with citric acid solution 
(lM, 2 x 150ml) and saturated brine (2 x 150ml), then dried over magnesium 
sulfate and concentrated in vacuo to yield a light yellow oil (7.57g, 98%); [a]D -
45.5 (c 0.6 in MeOH) (lit. , 113 [a]D - 45.3 (c 0.6 in MeOH»; OH (250MHz; CDCb) 
1.38 (3H, d, J 7, CH3CH), 1.44 (9H, s, (CH3)3), 3.74 (3H, s, OCH3), 4.32 (lH, m, 
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CH3CH), 5.09 (lH, br s, NH); Oc (100MHz; CDCh) 18.99 (CH3), 28.67 (C(CH3h), 
49.53 (CH), 52.65 (OCH3), 80.21 (C(CH3)3), 155.49 (OCONH), 174.22 (C02CH3). 
(S)-2-tert-Butyloxycarbonylaminopropanaldoxime [105] 
• 
,.rI'0H 
MeycHo __ ."'y 
NHBoc NHBoc 
Preparation of the aldehyde 
To N-tert-butyloxycarbonyl-(S)-alanine methyl ester (1.80g, 8.86mmol) in dry 
toluene (30ml) at -78°C under nitrogen was added dropwise with stirring, over Ih, 
DIBAL-H (1.0M in toluene, 22.14ml, 22.14mmol, 2.5eq), with the aid of a syringe 
pump. After the addition, the reaction mixture was stirred for a further O.Sh. 
Methanol (7ml) was added, and the reaction mixture poured into a solution of 
Rochelle salt (2Sg) in water (lOOml), and stirred vigorously for 1.5h. The aqueous 
phase was separated and extracted with ethyl acetate (3 x 70ml). The organic 
layers were then combined and washed with saturated sodium chloride solution (3 
x 70ml), dried over magnesium sulfate, and concentrated under vacuum, to yield 
the aldehyde as a colourless oil that was used directly; OH (250MHz; CDCb) 1.36 
(3H, d, J 7, CH3CH), 1.48 (9H, s, C(CH3h), 4.25 OH, m, CH3CH), S.1S OH, br s, 
NH), 9.56 (lH, br s, CHO). 
Preparation of the oxime 
To hydroxylamine hydrochloride (1.23g, 17.71mmol, 2eq) and sodium acetate 
(2.91g, 35.43mmol, 4eq) in water, was added the crude aldehyde (I.S3g, 
8.86mmol) that was dissolved in ethanol (3ml). A few drops of ethanol were added 
to dissolve the precipitate, and the solution was warmed to ca. 70°C for 10 min. 
After cooling to room temperature, the reaction mixture was stored in a refrigerator 
for 16h. No precipitate was seen, so attempts were made to recover the product. 
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The solution was concentrated in vacuo and extracted using ethyl acetate (3 x 
70ml). The combined organic layers were dried over magnesium sulfate and 
concentrated in vacuo, to yield a white solid (slightly oily appearance). Ethyl 
acetate (lOOml) was added to the oily solid and the solution was concentrated in 
vacuo, to produce a free running white solid (1.48g, 89%) m.p. 145-146°C (lit.,l13 
m.p. 144-146°C); (Found: C, 51.12; H, 8.53; N, 14.83%; MH+, 189.1239. 
CgHl6N203 requires C, 51.05; H, 8.57; N, 14.88%; MH, 189.1239); OH (250MHz; 
CDCh) 1.30 (3H, d, J 7, CH3CH), 1.44 (9H, s, (CH3)3), 4.81 (lH, m, CH3CH), 6.68 
(lH, d, J 6, CH=N) , 7.41 (lH, d, J 9, NH), 7.62 (lH, br s, OH); Oc (lOOMHz; 
CDCh) 17.42 (Gh), 28.35 (C(Gh)3), 42.10 (CH), 78.42 (CCCH3)3), 152.85 
(CH=N), 154.90 (OCONH); m/z 189 (MH+, 27%),132,88,72,57 (lOO). 
EthyI3-pyrrolidinobut-2-enoate [108] 
+ Q 
H 
Ethyl acetoacetate (5.0g, 38.42mmol) and pyrrolidine (2.75g, 38.70mmol) were 
heated together at reflux in toluene (60ml) under Dean-Stark conditions for 4h. 
After cooling, the solvent was removed in vacuo, to yield a brown oil (5.41g, 77%) 
that was used without further purification; V rn•x (neat)/cm-1 3585,2972,2870, 1680, 
1575, 1431, 1364, 1184, 1062; OH (250MHz; CDCh) 1.25 (3H, t, J 7, CH3CH2), 
1.93 (4H, m, NCH2CH2), 2.46 (3H, s, CH3CN=CH), 3.29 (4H, br s, NCH2), 4.08 
(2H, q, J 7, CH2CH3), 4.46 (lH, s, CH=CN); oc (400MHz; CDCh) 14.76 (CH3), 
16.71 (CH3), 25.19 (NCH2CH2), 47.89 (NCH2), 58.14 (CH2CH3). 83.37 (CH=CN), 
159.60 (CN=CH), 169.27 (CO). 
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tert-Butyl hypochlorite 
• 
In subdued light, a mixture of 2-methylpropan-2-ol (l4.S4g, 18.50ml, 196mmol) 
and glacial acetic acid (12.85g, 12.2Sml, 214mmol) was added to ice-cooled 
sodium hypochlorite solution (2S0ml). After stirring for 3min, the organic layer 
was separated and washed with sodium carbonate solution (O.IM, 50ml), and water 
(SOml). The organic layer was then dried over calcium chloride, to yield a yellow 
oil that was used directly (S.43g 2S.S%). 
Ethyl (S)-3-(I-tert-butyloxycarbonylaminoethyl)-S-methylisoxazole-4-
carboxylate [109] 
,.rr0H 0 N 
"y Me + ~ • NHSoc CO,Et NHSoc 
CO,Et 
To (S)-2-tert-butyloxycarbonylaminopropanaldoxime (1.00g, S.3Immol) in 
chloroform (2ooml) cooled to oDe, was added tert-butyl hypochlorite (O.63g, 
5.82mmol, l.leq) and the solution stirred for 45min. Ethyl 3-pyrrolidinobut-2-
enoate (1.9Sg, 1O.64mmol, 2eq) was added and the solution heated to reflux. 
Triethylamine (O.60g, O.83ml, S.88mmol, l.leq) was then added over 4.Sh, and the 
solution was allowed to reflux for 18h. After cooling to room temperature the 
solution was washed with citric acid solution (lM, 2 x SOrnl) and saturated brine 
(50rnl), and the organic layer was dried over magnesium sulfate, and then 
concentrated under reduced pressure, to yield a brown oil that was purified using 
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column chromatography eluting with light petroleum/ethyl acetate (4: 1 v/v), to 
obtain a light yellow oil (0.81g, 51%) [a]D2S -29.5 (c 1.1 in CHCi)) (Found: C, 
56.42; H, 7.39; N, 9.44%; M+, 298.1526. C14H22N20S requires C, 56.36; H, 7.43; 
N, 9.39%; M, 298.1529); Vrnax (CHCi))/cm·1 3440, 2980, 2937, 1715, 1612, 1505, 
1453, 1370, 1311, 1242, 1171, 1113, 1055, 1031,866; OH (250MHz; CDCi)) 1.38 
(3H, t, J 7, CH3CH2), 1.43 (9H, s, (CH3)3), 1.48 (3H, d, J 7, CH3CH), 2.65 (3H, s, 
5-CH3), 4.34 (2H, m, CH2CH3), 5.29 (lH, m, CHCH3), 5.60 (lH, br s, NH); oe 
(lOOMHz; CDCh) 13.51 (5-CH3), 14.19 (CH3CH2), 21.21 (CH3CH), 28.39 
(C(CH3h), 43.84 (CHCH3), 61.04 (CH2CH3), 79.58 (C(CH3h), 107.41 (C), 154.97 
(CONH), 162.13 (C), 164.66 (C), 176.04 (C02Et); mJz 298 (M+, 7%), 283, 225, 
197,183, 154, 137,57 (100), 43. 
tert-ButyI3-pyrrolidino-2-butenoate [110] 
f 
co,'su 
+ Q 
H 
• 
Q 
~ 
co,'su 
tert-Butyl acetoacetate (20.15g, 0.127mol) and pyrrolidine (9.96g, 0.140g), were 
heated together at reflux in toluene (250ml) under Dean-Stark conditions for 4h. 
After cooling, the solvent was removed in vacuo, to yield a yellow solid (25.48g, 
95%), m.p. 96-98°C that was used without further purification. OH (250MHz; 
CDCi)) 1.46 (9H, s, C(CH3)3), 1.90 (4H, m, 2 x NCH2CH2), 2.42 (3H, s, 
CHCCH3), 3.27 (4H, m, 2 x NCH2CH2), 4.40 (lH, s, CHCCH3); oe 
(lOOMHz;CDCh) 16.52 (CHCCH3), 25.19 (NCH2CH2), 28.76 (C(CH3h), 47.79 
(CHCCH3), 85.24 (NCH2CH2), 85.88 (C(CH3H 158.84 (CHCCH3), 169.20 
(C02tBu). 
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tert-Butyl (S)-3-(I-tert-butyloxycarbonylaminoethyl)-S-methylisoxazole-4-
carboxylate [111] 
,.sJ'0H Q 
N 
"'y ~ Me + • NHSoc coiSu NHSoc CO,'Su 
To (S)-2-tert-butyloxycarbonylaminopropanaldoxime (3.09g, l6.44mmol) in 
chloroform (300ml) at O°C, was added portionwise over 20min, N-
chlorosuccinimide (2.41g, 18.08mmol, 1.1eq), and the reaction mixture heated 
under reflux for 18h. tert-Butyl 3-pyrrolidino-2-butenoate (6.90g, 32.87mmol, 
2eq) was then added in one portion to the refluxing mixture followed by 
triethylamine (1.83g, 2.52ml, 18.08mmol, l.leq) dropwise over a period of 3h. 
The reaction mixture was heated at reflux for a further 2h. After cooling to room 
temperature, the reaction mixture was poured into water (300ml). The organic 
phase was separated, washed with citric acid solution (2M, 2 x 250ml), sodium 
hydroxide solution (5% w/v, 250ml), and saturated sodium chloride solution 
(250ml), then dried over magnesium sulfate and concentrated in vacuo to yield a 
dark brown oil which was purified by column chromatography eluting with light 
petroleUm/ethyl acetate (7:1 v/v), to yield a light yellow oil (2.89g, 54%); [a]D-
25.6 (c 2.2 in CHCh); (Found: C, 58.93; H, 8.05; N, 8.60%; MH+, 327.1921. 
C16H26N20S requires C, 58.88; H, 8.03; N, 8.58%; MH, 327.1919); Vrnax 
(CHCh)/cm·1 3452, 2980, 1712, 1607, 1503, 1456, 1367, 1127, 1055; OH (250MHz; 
CDCh) 1.43 (9H, s, (CH3)3), 1.46 (3H, d, J 7, CH3CH), 1.58 (9H, s, (CH3)3), 2.61 
(3H, s, 5-CH3), 5.26 (lH, m, CH3CH), 5.62 (lH, br s, NH); OC (lOOMHz; CDCh) 
13.43 (5-CH3), 21.39 (CH3CH), 28.26 (C(CH3)3), 28.40 (C(CH3h), 43.94 (CHNH), 
79.45 (C(CH3)3), 82.44 (C(CH3)3), 108.56 (C), 154.97 (OCONH), 161.36 (C), 
164.52 (C), 175.56 (C02'Bu). 
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(S)-3-(Aminoethyl)-S-methylisoxazole-4-carboxylic acid hydrochloride [114] 
• 
NHSoc cO2'su NH2·HCI C02H 
To tert -butyl-( S)-3-( I-tert-butyloxycarbonylaminoethyl)-5-meth ylisoxazole-4-
carboxylate (2.04g, 6.26mmol) was added trifluoroacetic acid (1Om!) and the 
reaction mixture stirred at room temperature for 24h and then concentrated in 
vacuo. To the residue was added hydrochloric acid (2M, 20ml) and the reaction 
mixture was stirred for 0.5h, and then concentrated in vacuo. The residue was 
dissolved in water (50ml), washed with ethyl acetate (2 x 25ml), and the aqueous 
phase evaporated to dryness to yield a light brown solid (1.20g, 93%) (Found: M+-
HCI, 170.0692. C7HllN20 3CI requires M - HCI, 170.0691); Vmax (KBr)/cm- 1 1702, 
1606, 1577, 1504, 1473, 1450, 1408, 1311, 1261, 1242, 1153; OH (250MHz; 
(CD3)zSO) 1.58 (3H, d, J 6, CH3CH), 2.68 (3H, s, 5-CH3), 4.78 (lH, m, CH3CH), 
8.84 (3H, br s, NH3+); Oc (lOOMHz; (CD3)2S0) 12.63 (5-CH3), 17.88 (CH3CH), 
42.93 (CH3CH), 107.75 (C), 161.41 (C), 162.33 (C), 175.63 (C02H); mlz 170 (M+ -
HCI,7%), 155, 137, 111,68,43 (lOO). 
(S)-3,6-Dimethyl-S,6-dihydro-4H -pyrrolo[3,4-c ]isoxazol-4-one [117] 
Me 
• 
NH2·HCI C02H 
To (S)-3-(l-aminoethyl)-5-methylisoxazole-4-carboxylic acid hydrochloride 
(0.476g, 2.31mmol) and N-hydroxysuccinimide (0.292g, 2.54mmol, l.leq) in dry 
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dimethylformamide (30ml) at O°C was added portion wise over 0.5h, EDCI (0.486g, 
2.54mmol, 1.1eq), and the reaction mixture was left to stir at room temperature for 
17h. Triethylamine (0.700g, 0.964ml, 6.92mmol, 3eq) was added dropwise over 
3h, and the reaction mixture was left to stir for a further 17h at room temperature 
and then concentrated in vacuo. The residue was dissolved in ethyl acetate (25ml), 
washed with water (25ml), hydrochloric acid (2M, 2 x 25ml), saturated sodium 
hydrogencarbonate solution (2 x 25ml), and saturated brine (25ml), dried over 
magnesium sulfate, filtered and concentrated in vacuo to yield a brown solid, 
which was purified by column chromatography, eluting with ethyl acetatellight 
petroleum (2:1 v/v) to yield an off-white solid (0.078g, 22%), m.p. 139-141°C 
[a]D25 +6.2 (c 2.0 in CHCh); (Found: C, 55.36; H, 5.27; N, 18.60%; M+, 152.0586. 
C7H8N202 requires C, 55.26; H, 5.30; N, 18.41 %; M, 152.0586); Vrnax (CHCh)/cm·1 
3443, 3036, 3010, 1715, 1652, 1607, 1541, 1380, 1237, 1216; OH (250MHz; 
CDCh) 1.55 (3H, d, J 7, CH3CH), 2.61 (3H, s, 3-CH3), 4.74 (lH, J 7, q, CH3CH), 
6.91 (lH, br s, NH); oe (lOOMHz; CDCh) 12.41 (3-CH3), 19.97 (CH3CH), 48.66 
(CH3CH), 113.47 (C), 163.30 (C), 166.79 (C), 173.62 (CO); m1z 152 (M+, 16%), 
137, 110,84,68,43 (lOO). 
6.Methyl·3·(2.phenylethenyl)·5,6·dihydro·4H·pyrrolo[3,4-c ]isoxazol·4·one 
[120] 
N-O 
7 
• 
o 
To (S)-3,6-dimethyl-5,6-dihydro-4H-pyrrolo[3,4-c]isoxazol-4-0ne (0.050g, 
0.329mmol) under nitrogen, was added dry tetrahydrofuran (lOml) and the mixture 
was cooled to -78°C. Lithium diisopropylamide (2.0M in hexanes, 0.077, 
0.076ml, 0.723mmol, 2.2eq) was added and the reaction mixture stirred at _78°C 
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for 45min. Benzaldehyde (0.038g, 0.037ml, 0.36mmol, l.leq) was added in one 
portion and the reaction mixture was stirred at -78°C for 30min, after which the 
solution was allowed to warm to room temperature and left to stir for 17h. The 
reaction mixture was then washed with saturated ammonium chloride solution 
(IOml), and saturated brine (lOml), then dried over magnesium sulfate, and 
concentrated in vacuo, to yield a green/yellow solid. The solid was subject to 
purification by chromatography on silica, eluting with ethyl acetatelIight petroleum 
(5:1 v/v), to yield a beige solid (0.0l83g, 23%), 237-239°C (Found: C, 69.90; H, 
5.09; N, 11.61%; M+, 240.0896. C14H12N202 requires C, 69.99; H, 5.08; N, 
11.64%; M, 240.0899); Vrnax (CHCh)lcm'l 3438, 3041, 3012, 1709, 1653, 1598; OH 
(250MHz; CDCh) 1.62 (3H, d, J 7, CH3CH), 4.84 (lH, q, J 7, CH3CH), 7.13 (lH, 
d, J 16, CH=CH) , 7.40 (3H, m, ArH), 7.62 (2H, m, ArH), 7.99 (lH, d, J 16, 
CH=CH); Oc (lOOMHz; CDCh) 19.62 (CH3), 48.74 (CH), 112.78 (C), 115.97 
(CH=CH), 128.59 (ArCH), 129.96 (ArCH), 130.62 (ArCH), 132.03 (ArC), 141.90 
(CH=CH), 162.19 (C), 164.37 (C), 172.63 (CO); mlz 240 (M+) 225, 131, 103,77, 
43. 
3-[2-(4-Methoxyphenyl)ethenylj-6-methyl-5,6-dihydro-4H-pyrrolo[3,4-
c jisoxazol-4-one [124j 
• 
o 
To (S)-3,6-dimethyl-5,6-dihydro-4H-pyrrolo[3,4-c jisoxazol-4-one 
OM. 
(0.05g, 
0.329mmol) under nitrogen at room temperature was added dry methanol (5ml) 
followed by 4-methoxybenzaldehyde (0.098g, 0.088ml, 0.723mmol, 2.2eq) and 
sodium methoxide (0.021g, 0.394mmol, 1.2eq) in dry methanol (5ml). The 
reaction was stirred for 1 min at room temperature then heated at reflux for 5h and 
cooled immediately in an ice bath. The resulting yellow crystals were filtered off 
III 
and dried in vacuo (0.015g, 17%), m.p. 221-223°C (Found: C, 66.82; H, 5.36; N, 
10.47%; M+, 270.1004. C'5H'4N203 requires C, 66.66; H, 5.22; N, 10.36%; M, 
270.1004); Vrnax (CHCh)/cm" 3446, 3032, 2997, 2825, 1721, 1652, 1603, 1131; OH 
(250MHz; CDCh) 1.63 (3H, d, 17, CH3CH), 3.81 (3H, s, OCH3), 4.79 (lH, q, 17, 
CH3CH), 7.01 (lH, d, J 16, CH=CH), 7.52 (2H, d, J 9, ArH), 7.67 (2H, d, J 9, 
ArH), 8.07 (lH, d, J 16, CH=CH); oe (lOOMHz; CDCh) 20.43 (CH3), 48.88 (CH), 
57.21 (CH3), 112.12 (C), 113.84 (ArCH), 115.35 (CH=CH), 130.89 (ArCH), 
132.28 (ArC), 139.22 (CH=CH), 158.61 (ArC), 162.96 (C), 164.42 (C), 173.18 
(CO); mlz 270 (M+), 255,227,163, 148,43. 
6-Methy 1-3· [2-( 4·nitrophenyl)ethenyl]·5,6·dihydro·4H .pyrrolo[3,4·c ]isoxazol. 
4·one [127] 
• 
HN-~ .... 
o 
To (S)-3,6-dimethyl-5,6-dihydro-4H-pyrrolo[3,4-c ]isoxazol-4-one (0.05g, 
0.329mmol) under nitrogen at room temperature was added dry methanol (5ml) 
followed by 4-nitrobenzaldehyde (0.109g, 0.723mmol, 2.2eq) and sodium 
methoxide (0.02Ig, 0.395mmol, 1.2eq) in dry methanol (4ml). The reaction 
mixture was stirred for Imin at room temperature then heated at reflux for 2h and 
immediately cooled in an ice bath. The resulting yellow crystals were filtered off 
and dried in vacuo (0.062g, 66%), m.p. 227-229°C (Found: C, 59.09; H, 3.80; N, 
14.60%; M+, 285.0747. C'4HllN304 requires C, 58.95; H, 3.89; N, 14.73%; M, 
285.0750); Vrnax (CHCI3)/cm" 3443, 3029, 2775, 1702, 1655, 1609, 1563, 1540, 
1372; OH (250 MHz; CDCh) 1.59 (3H, d, J 7, CH3CH), 4.88 (lH, q, J 7, CHCH3), 
6.03 (JH, br s, NH), 7.26 (lH, d, J 16, CH=CH), 7.76 (2H, d J 9, ArH), 8.06 (lH, 
d, J 16, CH=CH), 8.28 (2H, d J 9, ArH); oe (JOOMHz; CDCh) 20.43 (CH3), 48.88 
(CH), 112.12 (C), 115.18 (CH=CH), 124.56 (ArCH), 129.87 (ArCH), 134.77 
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(ArC), 141.52 (CH=CH), 148.84 (ArC), 161.84 (C), 162.76 (C), 173.41 (CO); mlz 
285 (M+), 270,176,164,147,102,90,55,43. 
3-(1-Hydroxy-3-phenylpropylidene)-5-methylpyrrolidine-2,4-dione [130] 
• 
OH 
o 
o 
Into a flask that had been flushed with nitrogen was added palladium on carbon 
(1O%,O.05g). This was carefully slurried with a few drops of ethanol and a further 
20ml of ethanol then added. 6-Methyl-3-(2-phenylethenyl)-5,6-dihydro-4H-
pyrrolo[3,4-clisoxazol-4-one (0.05g, 0.208mmol) in ethanol (lOml) was added to 
the palladium/carbon slurry whilst stirring vigorously. The reaction vessel was 
evacuated, and then purged with nitrogen three times, then evacuated and purged 
with hydrogen three times, eventually being left under an atmosphere of hydrogen. 
The reaction mixture was left stirring vigorously for 25h at room temperature. The 
reaction vessel was then evacuated and then purged with nitrogen three times, and 
the reaction mixture was filtered using a Celite ® pad. The solvent was removed 
from the filtrate in vacuo to yield an off white solid (0.05g). To the crude 
enarninone (O.05g) was added tetrahydrofuran (lOml) and sodium hydroxide 
solution (2M, 25ml), and the reaction mixture was heated at reflux for 17h. After 
cooling to room temperature, the solution was acidified and then extracted with 
dichloromethane (3 x 30ml). The combined organic layers were dried with 
magnesium sulfate, filtered and the solvent was removed in vacuo to yield a 
yellow-green oil. This was purified using column chromatography eluting with 
light petroleum/ethyl acetate (l:3 v/v) to yield a yellow-green oil (0.029g, 57%) 
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(Found: C, 68.73; H, 6.29; N, 5.83%; M+, 245.1055. CI4HIsN03 requires C, 68.56; 
H, 6.16; N, 5.71%; M, 245.1052); Vrnax (CHCh)/cm-1 3212, 2935, 1769, 1680, 
1665, 1601, 1455; OH (250MHz; CDCh) 1.60 (3H, d, J 7, CH3CH), 2.24 (2H, t, J 7, 
CH2CH2), 2.54 (2H, t, J7, CH2CH2), 4.62 (1H, m, CH3CH), 7.45 (5H, m, ArH); Oc 
(100MHz; CDCh) 20.74 (CH3), 29.64 (CH2), 36.82 (CH2), 62.93 (CH), 102.86 (C), 
128.48 (ArCH), 129.87 (ArCH), 130.57 (ArCH), 132.49 (ArC), 172.59 (C), 174.24 
(C), 186.12 (CO); mJz 245 (M+), 230, 228, 217, 202, 213, 174, 140, 122, 112 
(100%), 105,91,77. 
3-(1-Hydroxy-3-phenylpropenylidene)-S-methylpyrroIidine-2,4-dione [133] 
N-O ~ j 
7 ~ j ~ 
.. 
# OH 
0 
To 6-methyI-3-(2-phenylethenyl)-5,6-dihydro-4H-pyrrolo[3,4-c]isoxazol-4-one 
(0.05g, 0.208mmol), in moist acetonitrile (20ml) was added molybdenum 
hexacarbonyl (MO(CO)6), (0.054g, 0.208mmol, leq), and the reaction mixture was 
refluxed for 0.5h. After cooling to room temperature the reaction mixture was 
filtered through a Celite ® pad, and concentrated in vacuo to yield a dark brown oil 
which was purified by column chromatography on silica gel eluting with light 
petroleum/ethyl acetate (2:1 v/v) to give a yellow-green oil (0.047g, 92%) (Found: 
C, 69.38; H, 5.45; N, 5.82%; M+, 243.0896. CI4H13N03 requires C, 69.12; H, 5.39; 
N, 5.76%; M, 243.0895); Vrnax (CHCh)/cm-1 3214,3010, 1768, 1680, 1664, 1605; 
OH (250MHz; CDCI3) 1.45 (3H, d, J 7, CH3), 4.64 (1H, q, J 7, CH3CH), 6.65 (lH, 
d, J 16, CH=CH), 6.85 OH, d, J 16, CH=CH), 7.42 (3H, m, ArH), 7.65 (2H, m, 
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ArH); Oc (100MHz; CDCb) 20.32 (CH3), 63.0S (CH), 102.63 (C), 12S.08 
(CH=CH), 127.S1 (ArCH), 128.18 (ArCH) 129.14 (ArCH), 132.31 (ArC), 140.S2 
(CH=CH), 173.S9 (C), 176.24 (C), 196.12 (C); miz 243 (M+, 17%),228, 21S, 200, 
172,165,140,131,112,91,77. 
3-[I-Hydroxy-3(4-methoxyphenyl)propyIidene]-S-methylpyrroIidine-2,4-dione 
[131] 
MeO 
• 
OMe OH 
Into a flask that had been flushed with nitrogen was added palladium on carbon 
(lO%,O.OSg). This was carefully slurried with a few drops of ethanol and a further 
20ml of ethanol then added. 3-[2-( 4-Methoxyphenyl)ethenyl]-6-methyl-S,6-
dihydro-4H-pyrrolo[3,4-c]isoxazol-4-one (O.OSg, 0.18Smmol) in ethanol (lOm!) 
was added to the palladium/carbon slurry whilst stirring vigorously. The reaction 
vessel was evacuated, and then purged with nitrogen three times, then evacuated 
and purged with hydrogen three times, eventually being left under an atmosphere 
of hydrogen. The reaction mixture was left stirring vigorously for 2Sh at room 
temperature. The reaction vessel was then evacuated and then purged with 
nitrogen three times, and the reaction mixture was filtered using a Celite ® pad. The 
solvent was removed from the filtrate in vacuo to yield an off white solid (O.OSg). 
To the crude enaminone (O.OSg) was added tetrahydrofuran (IOml) and sodium 
11S 
hydroxide solution (2M, 30ml), and the reaction mixture was heated at reflux for 
16h. After cooling to room temperature the solution was acidified and then 
extracted with dichloromethane (3 x 30ml). The combined organic layers were 
dried over magnesium sulfate, filtered and the solvent was removed in vacuo to 
yield a yellow-green oil. This was purified by column chromatography eluting 
with light petroleum/ethyl acetate (1:3 v/v) to yield a yellow-green oil (0.028g, 
55%) (Found: C, 65.56; H, 6.14; N, 4.97%; M+, 275.1160. C15H17N04 requires C, 
65.44; H, 6.22; N, 5.09%; M, 275.1158); Vrnax (CHCh)/cm·1 3217, 2913, 2827, 
1775, 1682, 1665, 1605, 1452; OH (250MHz; CDCh) 1.45 (3H, d, J 7, CH3), 2.29 
(2H, t, J 7, CH2CH2), 2.59 (2H, t, J 7, CH2CH2), 3.73 (3H, s, OCH3), 4.63 (lH, q, J 
7, CH3CH), 6.72 (2H, d, J 9, ArH), 7.01 (2H, d, J 9 ArH), 8.23 (lH, br s, NH); oe 
(lOOMHz; CDCh) 19.89 (Cfh), 29.78 (Cfh), 36.38 (Cfl2) , 58.65 (Cfl3), 62.88 
(Cfl), 102.73 (C), 114.05 (ArCfl), 129.68 (ArCfl), 132.44 (ArC), 158.47 (ArC), 
173.13 (C), 175.26 (C), 186.36 (C); m/z 275 (M+, 8%), 260, 258, 247, 243, 232, 
204,168,155,142,135,120,107,91,76. 
3-[1-Hydroxy -3-( 4-methoxyphenyl)propenylidene ]-5-methylpyrrolidine-2,4-
dione [134] 
MeO 
N-O 
r # ~ j 
• 
# 
OMe 0 OH 
0 
To 3-[2-( 4-methoxyphenyl)ethenyl]-6-methyl-5,6-dihydro-4H-pyrrolo[3,4-
c]isoxazol-4-one (0.023g, 0.085mmol), in moist acetonitrile (20ml) was added 
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molybdenum hexacarbonyl (MO(CO)6), (O.022g, 0.085mmol, leq), and the reaction 
mixture was refluxed for 0.5h. After cooling to room temperature the reaction 
mixture was filtered through a Celite® pad, and concentrated in vacuo to yield a 
brown oil which was purified by column chromatography on silica gel eluting with 
light petroleum/ethyl acetate (2: I v/v) to yield a yellow-green oil (O.020g, 86%) 
(Found: C, 66.18; H, 5.61; N, 5.05%; M+, 273.0998. ClsHlSN04 requires C, 65.92; 
H, 5.53; N, 5.13%; M, 273.1001); Vmax (CHCb)lcm' l 3217, 2911, 2827, 1767, 
1681, 1667, 1654, 1604; OH (250MHz; CDCh) 1.45 (3H, d, J 7, CH3), 3.73 (3H, s, 
OCH3), 4.63 (lH, q, J 7, CH3CH), 6.65 (2H, d, J 9, ArH), 6.85 (lH, d, J 16, 
CH=CH), 7.19 (2H, d, J 9, ArH), 7.82 (lH, d, J 16, CH=CH), 8.43 (lH, br s, NH); 
oe (lOOMHz; CDCh) 20.51 (CH3), 58.57 (CH3), 62.57 (CH), 102.19 (C), 114.10 
(ArCH), 126.04 (CH=CH), 130.3 (ArCH), 139.64 (CH=CH), 158.68 (ArC), 172.27 
(C), 175.35 (C), 186.61 (C); mlz 273 (M+, 12%),258,256,241,245,230,202, 153, 
140,133,120,112,107,91,76. 
3-[I-Hydroxy-3-(4-nitrophenyl)propylidene)-5-methylpyrrolidine-2,4-dione 
[132) 
N-O 
7 
HN-", 
N02 OH 
Into a flask that had been flushed with nitrogen was added palladium on carbon 
(1O%,0.05g). This was carefully slurried with a few drops of ethanol and a further 
20ml of ethanol then added. 6-Methyl-3-[2-(4-nitrophenyl)ethenyl)-5,6-dihydro-
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4H-pyrrolo[3,4-c]isoxazol-4-one (O.05g, O.175mmol) in ethanol (lOml) was added 
to the palladium/carbon slurry whilst stirring vigorously. The reaction vessel was 
evacuated and then purged with nitrogen three times, then evacuated and purged 
with hydrogen three times, eventually being left under an atmosphere of hydrogen. 
The reaction mixture was left stirring vigorously for 25h at room temperature. The 
reaction vessel was evacuated and then purged with nitrogen three times, and the 
reaction mixture was filtered using a Celite® pad. The solvent was removed from 
the filtrate in vacuo to yield an off white solid (O.05g). To the crude enaminone 
(O.05g) was added tetrahydrofuran (lOml) and sodium hydroxide solution (2M, 
20rnl), and the reaction mixture was heated at reflux for 16h. After cooling to 
room temperature the solution was acidified and then extracted with 
dichloromethane (3 x 20ml). The combined organic layers were dried over 
magnesium sulfate, filtered and the solvent was removed in vacuo to yield a brown 
oil, attempts to purify using silica gel chromatography and eluting with light 
petroleum/ethyl acetate (1:3 v/v) were unsuccessful. 
3-[1-Hydroxy-3-(4-nitrophenyl)propenylidene]-5-methylpyrrolidine-2,4-dione 
[135] 
N-O 
~ ~ ~ j • 
~ N02 0 OH 0 
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To 6-methyl-3-[2-( 4-nitrophenyl)ethenyl]-5,6-dihydro-4H-pyrrolo[3,4-c ]isoxazol-
4-one (0.05g, 0.175mmol), in moist acetonitrile (20ml) was added molybdenum 
hexacarbonyl (MO(CO)6), (0.046g, 0.175mmol, leq), and the reaction mixture was 
refluxed for 0.5h. After cooling to room temperature the reaction mixture was 
filtered through a Celite® pad, and concentrated in vacuo to yield a brown oil which 
was purified by column chromatography on silica gel eluting with light 
petroleum/ethyl acetate (1:2 v/v) to yield an orange-yellow oil (0.061g, 83%) 
(Found: C, 58.11; H, 4.46; N, 9.89%; M+, 288.0743. C14H12N20S requires C, 58.33; 
H, 4.20; N, 9.72%; M, 288.0746); Vrnax (CHCb)/cm·1 3223, 2915, 1769, 1716, 
1687, 1643, 1608, 1526, 1345; OH (250MHz; CDCI3) 1.45 (3H, d, 17, CH3), 4.61 
(lH, q, 17, CH3CH), 7.14 (2H, d, 19, ArH), 7.53 (lH, d, 116, CH=CH), 7.78 (2H, 
d, 19 ArH), 7.96 (lH, d, 116, CH=CH), 8.51 (IH, br s, NH); Oc (lOOMHz; CDCb) 
20.48 (Cfh), 62.86 (CH), 102.58 (C), 124.36 (ArCH), 125.78 (CH=CH), 129.43 
(ArCH), 134.66 (ArC), 141.34 (CH=CH), 148.21 (ArC), 172.91 (C), 174.97 (C), 
186.18 (C); mlz 288 (M+, 9%), 273, 260, 256, 245, 217,166,153,148,135,43. 
(S)-Valine methyl ester hydrochloride [101] 
r2 iH2.HC' 
I C02H • IC02Me 
To a suspension of (S)-valine (5.0g, 42.68mmol) in dry methanol (60ml) at O°C, 
was added dropwise over 2h, acetyl chloride (14.07g, l2.75ml, 179.26mmol, 
4.2eq). The reaction mixture was then heated at reflux for 17h, after which the 
reaction mixture was left to cool to room temperature. The solvent was then 
removed in vacuo to yield a white solid (7.13g, 99%) that was used without further 
purification; OH (250MHz; (CD3)2S0) 0.96 (6H, 2 x d, 1 7, 7, CH3CHCH3), 2.22 
(lH, m, CH3CHCH3), 3.74 (3H, s, C02CH3), 3.81 (lH, d, 1 5, CHNH), 8.75 (lH, br 
s, +NH3); Oc (lOOMHz; (CD3hSO) 18.24 (CH3), 27.85 (CH(CH3)z). 52.37 
(C02CH3), 64.51 (CHNH), 175.63 (C02CH3). 
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(S)-N-tert-Butyloxycarbonylvaline methyl ester [104] 
~H2.HCI l;!HBoc 
IC02Me 
To (S)-vaJine methyl ester hydrochloride (2.0g, 11.93rnmol) in dichloromethane 
(80ml) at O°C was added with stirring, triethylamine (2.41g, 3.33ml, 23.86mmol, 
2eq) dropwise over 30min, followed by di-tert-butyl dicarbonate (2.73g, 
12.52mmol, 1.05eq), in dichloromethane (20ml), dropwise over Ih. The reaction 
was left to stir at room temperature for 17h and then washed with citric acid 
solution (lM, 250ml) and saturated brine (2 x 100ml), then dried over magnesium 
sulfate, and concentrated in vacuo to yield a colourless oil (2.75g, 98%) (Found: C, 
57.20; H, 9.28; N, 6.09%; M+, 231.1472. CllH21N04 requires C, 57.12; H, 9.15; N, 
6.06%; M, 231.1471); OH (250MHz; CDCI]) 0.93 (6H, 2 x d, J 7,7, CH3CHCH3), 
1.44 (9H, s, (CH3h), 2.12 (JH, m, CH3CHCH3), 3.74 (3H, s, C02CH3), 4.22 (lH, 
m, CHC02CH3), 5.lI (JH, br s, NH); oe (lOOMHz; CDCh) 17.64 (CH3), 18.98 
(CH3), 27.43 (CH), 28.33 (C(CH3)3), 52.02 (C02CH3), 58.57 (CH), 79.77 
(C(CH3h), 155.68 (CONH), 172.94 (C02CH3). 
(S)-2-tert-Butyloxycarbonylamino-3-methylbutanaldoxime [106] 
iHBOC l;!HBoc 
M ' e~Co2Me 
Me 
Me~ ~ I CHO 
Me 
Preparation of the aldehyde 
iHBOC 
Me~N"-l., 
~ I OH 
Me 
To N-tert-butyloxycarbonyl-(S)-valine methyl ester (2.70g, 11.67mmol) in dry 
toluene at -78°C under nitrogen, was added dropwise over 1 h with stirring, 
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diisobutylaluminium hydride (l.OM in toluene, 29ml, 29. 17mmol, 2.5eq). The 
reaction mixture was stirred for a further 0.5h at -78°C. Methanol (7ml) was 
added, and the mixture poured into a solution of Rochelle salt (50g) in water 
(lOOml) and stirred vigorously for 2h. The aqueous phase was separated and 
extracted with ethyl acetate (3 x 50ml). The organic layers were then combined, 
washed with saturated brine solution (2 x 50ml) and dried over magnesium sulfate, 
then concentrated in vacuo to yield the aldehyde, as a colourless oil (2.35g, 100%) 
that was used directly; OH (250MHz; CDCh) 0.83 (6H, 2 x d, J 4, 4, CH3CHCH3), 
1.38 (9H, s, CCCH3h), 1.81 (lH, m, CH3CHCH3), 4.55 OH, m, CHNH), 9.74 (lH, 
brs, CHO). 
Preparation of the oxime 
To hydroxylamine hydrochloride (1.62g, 23.35mmol, 2eq) and sodium acetate 
(3.83g, 46.70mmol, 4eq) in water, was added the crude aldehyde (2.35g, 
1l.67mmol) in ethanol (5ml). A few drops of ethanol were added to dissolve the 
precipitate, and the solution was warmed to 70°C for lOmin. After cooling to room 
temperature, the reaction mixture was covered and stored in a refrigerator for 17h. 
No precipitate was seen, so the reaction mixture was extracted with ethyl acetate (3 
x 70ml), and the organic solution concentrated in vacuo to yield a white solid 
(2.45g, 97%) that was used without further purification; m.p. 182-184°C [a]D25 -
18.87 Cc 3.9 in CHCh); (Found: C, 55.51; H, 9.14; N, 13.01%; M+, 216.1478. 
CIOH20N203 requires C, 55.53; H, 9.32; N, 12.95%; M, 216.1474); OH (250MHz; 
(CD3hSO) 0.82 (6H, 2 x d, J 4,4, CH3CHCH3), 1.38 (9H, s, (CH3h), 1.80 (lH, m, 
CH3CHCH3), 4.55 (lH, m, CHNH), 6.52 OH, d, J 7, CH=N), 6.97 (lH, br s, NH), 
7.15 (lH, d, J 7, CH=N); oe (I00MHz; (CD3)2S0) 18.54 (CH3), 18.62 (CH3), 28.12 
(CH), 30.58 (CCCH3)3), 50.13 (CH), 77.63 (CCCH3h, 149.82 (CH=N), 155.16 
(CONH). 
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tert-Butyl (S)-3-(1-tert-butoxycarbonylamino-2-methylpropyl)-S-
methyIisoxazole-4-carboxylate [112] 
~HBoc 
W .,rr0H 
~N + 
Q 
~ 
C02tBu 
• 
NHBoc C02tBu 
To (S)-2-tert-butyloxycarbonylamino-3-methylbutanaldoxime (4.0g, 18,49mmol) 
in chloroform (200ml) at O°C was added portionwise over 0.5h, N-
chlorosuccinimide (2.72g, 20.34mmol, I.leq). The reaction mixture was then 
heated to reflux for 17h. tert-Butyl-3-pyrrolidino-2-butenoate (7.82g, 36.99mmol, 
2eq) was added in one portion to the refluxing mixture followed by triethylamine 
(2.06g, 2.84ml, 20.34mmol, l.leq) dropwise over 3h. The reaction was heated 
reflux for a further 3h, and was then allowed to cool to room temperature (lh). The 
reaction mixture was then poured into water (200ml) the organic layer was 
separated and washed with citric acid solution (2M, 200ml), sodium hydroxide 
solution (5% w/v, 200ml), and saturated brine (250ml), then dried over magnesium 
sulfate and concentrated in vacuo to yield a dark brown oil. This was subjected to 
purification by column chromatography eluting with light petroleum/ethyl acetate 
(3:1 v/v), to yield a yellow oil (3,43g, 52%) [a]n25 -6.0 (c 2.5 in CHCb); (Found: 
C, 61.15; H, 8.58; N, 7.92%; MW, 355.2235. C!sH30N20 5 requires C, 61.00; H, 
8.53; N, 7.90%; MH, 355.2233); Vrnax (CHCb)/cm'! 3337,3053, 1693, 1398, 1306, 
1202,1058; OH (250MHz; CDCb) 0.92 (6H, 2 x d, 17, 7, CH3CHCH3), 1,43 (9H, s, 
CCCH3)3), 1.59 (9H, s, (CH3h), 2.09 (lH, m, CH3CHCH3), 2.62 (3H, s, 5-CH3), 
5.01 (lH, m, CHNH), 5.72 (lH, br s, NH); oe (lOOMHz; CDCb) 12.12 (5-CH3), 
17,42 (CH3), 18.36 (CH3), 28.22 (CCCH3h), 28.79 (CCCH3h), 35.69 (CH), 53.76 
(CHNH), 71.58 (CCCH3)3), 71.95 (CCCH3h), 106.12 (C), 151.33 (C), 162.65 (C02), 
169,46 (C02NH); m/z 355 (MH+, 18%),299,255,243 (100), 199 (100), 182, 155. 
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(S)-3-(I-Amino-2-methylpropyl)-5-methylisoxazole-4-carboxylic acid [liS] 
• 
NHBoc C02tBu NH2HCI C02H 
To tert-butyl (S)-3-( I-te rt-butoxycarbonylamino-2-methyl propyl)-5-
methylisoxazole-4-carboxylate (0.233g, 0.66mmol) was added trifluoroacetic acid 
(Srn!) and the reaction mixture stirred at room temperature for 17h, after which it 
was concentrated in vacuo. To the residue was added hydrochloric acid (2M, 
IOml) and the reaction mixture was stirred at room temperature for 17h, and then 
concentrated in vacuo. The residue was dissolved in water (IOml) then washed 
with ethyl acetate (3 x 10ml), and the aqueous phase evaporated to dryness to yield 
a light yellow solid (O.l41g, 92%) that was used without further purification; [a]D25 
-3.0 (c 2.0 in H20); (Found: M+ - HCI, 198.1001. C9H1SN203CI requires M - HCI, 
198.1004); OH (250MHz; (CD3)zSO) 0.92 (6H, 2 x d, 17, 7, CH3CHCH3), 2.12 (lH, 
m, CH3CHCH3), 2.63 (3H, s, 5-CH3), 5.04 (lH, m, CHNH), 8.92 (lH, br s, NH); Oc 
(lOOMHz; (CD3)2S0) 12.13 (5-CH3), 17.41 (CH3), 18.38 (CH3) 35.74 (CH(CH3)z), 
53.71 (CHNH), 106.12 (C), 151.30 (C), 159.26 (c), 173.88 (C02H); mlz 198 (M+-
HCI, 5%) 165, 138,71,68,55,43. 
6-(S)-(I-Methylethyl)-3-methyl-5,6-dihydro-4H-pyrro)o[3,4-c]isoxazol-4-one 
[118] 
NH2.HCI C02H 
o 
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To (S)-3-(l-amino-2-methylpropyl)-5-methylisoxazole-4-carboxylic acid (0. 1909, 
0.8mmol) and N-hydroxysuccinimide (0. 109, 0.88mmol, l.leq) in dry 
dimethylformamide (20ml) at O°C was added portionwise over Ih EDCI (0.17g, 
0.89mmol, l.leq). The reaction mixture was left to stir for 17h, and then 
triethylamine (0.25g, 0.34ml, 0.89mmol, l.leq) was added dropwise over 3h. The 
reaction was left to stir for a further 17h and then concentrated in vacuo. The 
residue was dissolved in ethyl acetate (15ml) and washed with water (l5ml), and 
then hydrochloric acid (2M, 15ml), and saturated sodium bicarbonate solution 
(l5ml), and saturated brine (15ml), then dried over magnesium sulfate and 
concentrated in vacuo to yield a beige solid. This was subjected to purification by 
chromatography on silica eluting with ethyl acetate/light petroleum (5: 1 v/v), to 
yield a white solid (0.080g, 55%) m.p. 86-88°C [a]D25 +1.2 (c 2.0 in CHCh); 
(Found: C, 60.07; H, 6.79; N, 15.72%; M+, 180.0897. C9H12N20 2 requires C, 
59.99; H, 6.71; N, 15.55; M, 180.0899); Vrnax (CHCh)/cm-1 3431, 3039, 2985,1715, 
1654, 1531, 1390, 1132; OH (250MHz; CDCh) 1.05 (6H, 2 x d, J 7, 7, 
CH3CHCH3), 2.09 (lH, m, CH3CHCH3), 2.62 (3H, s, 3-CH3), 4.47 (lH, d, J 6, 
CHNH), 7.21 (lH, br s, NH); Oc (lOOMHz; CDCh) 12.03 (3-CH3), 17.54 (CH3), 
18.27 (CH3), 31.54 (CH), 58.67 (CH), 113.00 (C), 163.57 (C), 166.06 (C), 171.40 
(CONH); mlz 180 (M+, 17%), 165, 137 (lOO), 110,95,43. 
6-(1-Methylethyl)-3-(2-phenylethenyl)-S,6-dihydro-4H -pyrrolo[3,4-c ]isoxazol-
4-one [121] 
N-O 
~ 
• 
HN-__ .... 
To 6-(I-methylethyl)-3-methyl-5,6-dihydro-4H-pyrrolo[3,4-c]isoxazol-4-one 
(0.050g, 0.28mmol) under nitrogen, was added dry tetrahydrofuran (20rnl) at 
-78°C, and the solution was left to stir for lOmin. Lithium diisopropylamide (2.0M 
solution in tetrahydrofuran, 0.49ml, 0.97mmol, 3.5eq) was added in one portion, 
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and the solution was left to stir at -78°C for 45min. Benzaldehyde (0.032g, 
0.03Iml, 0.3Immol, l.leq) was added in one portion, and the reaction mixture was 
stirred at -78°C for 30min, after which it was allowed to warm to room temperature 
and stirred for a further 34h. The reaction mixture was washed with saturated 
ammonium chloride solution (lOml), and dried over magnesium sulfate and then 
concentrated in vacuo, to yield a green/yellow solid. The solid was purified using 
column chromatography eluting with ethyl acetatenight petroleum (5: I v/v) to 
yield a beige solid, (0.173g, 24%), m.p. 214-216°C (Found: C, 71.79; H, 6.18; N, 
10.49%; M+, 268.1209. Cl6Hl6N202 requires C, 71.62; H, 6.01; N, 10.44%; M, 
268.1212); Vrnax (CHCb)/cm-1 3427, 3041, 2996, 1714, 1652, 1611, 1522, 1397, 
1131; OH (250MHz; CDCb) 0.91 (3H, d, J 7, CH3CHCH3), 1.01 (3H, d, J 7, 
CH3CHCH3), 2.02 (lH, m, (CH3hCH), 4.62 (lH, d, J 6, CHNH), 7.39 (lH, d, J 16, 
CH=CH), 7.44 (3H, m, ArH), 7.72 (2H, m, ArH), 8.02 (IH, d, J 16, CH=CH); oc 
(lOOMHz; CDCb) 17.50 (CH3), 18.29 (CH3), 31.54 (CH), 58.81 (CH), 112.23 (C), 
113.84 (CH=CH), 128.52 (ArCH), 129.71 (ArCH), 130.40 (ArCH), 131.90 (ArC), 
141.65 (CH=CH), 162.21 (C), 165.16 (C), 172.55 (CO). 
6-(1-Methylethy 1)-3,S-dimethy I-S,6-dihydro-4H -pyrrolo[3,4-c ]isoxazol-4-one 
[122] 
.. 
N-",,-, 
o I 
Me 
To 6-( 1-methylethyl)-3 -methyl-5 ,6-dih ydro-4H-pyrrolo [3 ,4-c] isoxazol-4-one 
(0.05g, 0.277mmol) in dry tetrahydofuran (IOml) under nitrogen at -78°C, was 
added n-butyllithium (2.5M in hexanes, 0.23ml, 0.566mmol, 2.2eq). The reaction 
mixture was stirred for a further 45min at -78°C and iodomethane (0.183g, 0.08ml, 
1.28mmol, 5eq) was added in one portion. The reaction was stirred at -78°C for 
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30min, and then allowed to warm to room temperature (2h). The reaction was 
quenched with saturated ammonium chloride solution (lOml) and the organic layer 
was separated, washed with saturated brine (lOml), dried over magnesium sulfate 
and concentrated in vacuo to yield a light green solid. This was purified by 
chromatography, eluting with ethyl acetate/light petroleum (3: 1 v/v), to yield a 
white solid (0.025g, 46%) (Found: C, 61.89; H, 7.20; N, 14.64%; M+, 194.1051. 
ClOHI4N202 requires C, 61.84; H, 7.27; N, 14.42%; M, 194.1055); Vrnax 
(CHCh)/cm·1 3024, 2998, 2837, 1723, 1646, 1377, 1136; OH (250MHz; CDCh) 
0.64 (3H, d, J 5, CH3CHCH3), 1.27 (3H, d, J 5, CH3CHCH3), 2.37 (IH, m, 
(CH3)2CH), 2.62 (3H, s, 3-CH3), 3.01 (3H, s, NCH3), 4.40 (!H, d, J 3, CHNCH3); 
Oc (lOOMHz; CDCh) 11.93 (3-CH3), 14.39 (CH3), 18.37 (CH3), 27.78 (CH3), 30.92 
(CH), 63.09 (CH), 114.73 (C), 161.40 (C), 165.01 (C), 168.67 (CO); mlz 194 (M+, 
3%),180, 165, 152, 138 (100), 123, 110,95,83,68,56,43 (100). 
6-(1-Methylethyl)-3-(2-phenyletheny 1)-S,6-dihydro-4H -pyrrolo[3,4-c ]isoxazol-
4-one [121] 
• 
o 
To 6-( 1-methylethyl)-3 -meth yl-5 ,6-dihydro-4H -pyrrolo[3 ,4-c ]isoxazol-4-one 
(0.05g, 0.277mmol) in dry methanol (5ml), under nitrogen at room temperature 
was added, benzaldehyde (0.065g, 0.062ml, 0.61Ommol, 2.2eq), and sodium 
methoxide (0.018g, 0.333mmol, 1.2eq) in dry methanol (4ml). The reaction 
mixture was stirred for lmin at room temperature, refluxed for 3h, and immediately 
cooled in an ice bath. The resulting yellow crystals were filtered off and dried in 
vacuo, (0.033g, 44%), m.p. 215-216°C (Found: C, 71.68; H, 6.05; N, 10.46%; M+, 
268.1212. CI6HI6N202 requires C, 71.62; H, 6.01; N, 10.44%; M, 268.1212); Vmax 
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(CHCI3)1cm·1 3436, 3027, 3010, 1712, 1654, 1596, 1538, 1128; liH (250MHz; 
CDCI3) 0.90 (3H, d, J 7, CH3CHCH3), 1.02 (3H, d, J 7, CH3CHCH3), 2.02 (lH, m, 
(CH3)zCH), 4.63 (lH, d, J 6, CHNH), 7.38 (lH, d, J 16, CH=CH), 7,44 (3H, m, 
ArH), 7.72 (2H, m, ArH), 7.99 (lH, d, J 16, CH=CH), 8.72 (lH, br s, NH); lie (100 
MHz; CDCh) 17.39 (CH3), 18,44 (CH3), 3L12 (CH), 58.26 (CH), 112.75 (C), 
113.79 (CH=CH), 128.22 (ArCH), 129,43 (ArCH), 130.51 (ArCH), 132.13 (ArC), 
14Ll9 (CH=CH), 162.39 (C), 164.86 (C), 172.38 (CO); mlz 268 (M+, 100%),225, 
131, 103,77,71,43. 
6-(1.Methylethyl)-3-[2-(4.methoxyphenyl)ethenyl]-5,6-dihydro-4H-
pyrrolo[3,4-c ]isoxazol-4-one [125] 
N-O 
~ ~ ~ 
-
0 
~ 
# OM. 
To 6-( 1-methylethyl)-3-methyl-5 ,6-dihydro-4H -pyrrolo[3 ,4-c ]isoxazol-4-one 
(0.05g, 0.277mmol) in dry methanol (5ml) under nitrogen was added, 4-
methoxybenzaldehyde (0.083g, 0.074ml, 0.61Ommol, 2.2eq) and sodium 
methoxide (0.018g, 0.333mmol, L2eq) in dry methanol (3ml). The reaction 
mixture was stirred at room temperature for 5min, refluxed for 3.5h and 
immediately placed in an ice bath. The resulting yellow needle like crystals were 
collected by filtration and dried in vacuo, (0.015g, 18%), m.p. 225-227°C (Found: 
C, 68.67; H, 6.02; N, 9.52%; M+, 298.1316. C17HlSN203 requires C, 68,44; H, 
6.08; N, 9.39%; M, 298.1317); Vrnax (CHCh)/cm·1 3440, 3039,2978,2832, 1718, 
1652, 1606, 1386, 1124; liH (250MHz; CDCh) 0.90 (3H, d, 17, CH3CHCH3), 1.02 
(3H, d, J 7, CH3CHCH3), 2.03 (lH, m, (CH3)2CH), 3.82 (3H, s, OCH3), 4.61 (lH, 
d, J 6, CHNH), 7.02 (2H, d, J 9, ArH), 7.23 (lH, d, J 16, CH=CH), 7.67 (2H, d, J 
9, ArH), 7.95 (lH, d, J 16, CH=CH), 8.66 (lH, br s, NH); lie (lOOMHz; CDCh) 
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16.91 (CH3), 17.99 (CH3), 32.34 (CH), 55.15 (OCH3), 57.67 (CH), 112.83 (C), 
113.41 (ArCH), 114.49 (CH=CH), 130.93 (ArCH), 132.48 (ArC), 140.67 
(CH=CH), 158.88 (ArC), 162.13 (C), 164.93 (C), 171.90 (CO); mlz 298 (M+, 
100%),255,227, 161, 133, 118,71. 
6-(1-Methylethyl)-3-[2-( 4-nitrophenyl)ethenylj-5,6-dihydro-4H -pyrrolo[3,4-
c jisoxazol-4-one [128j 
N-O 
r # ~ ~ 
• 
# 
N02 
0 0 
To 6-( I-methylethyl-3-methyl-5,6-dihydro-4H-pyrrolo[3,4-c jisoxazol-4-one 
(0.05g, 0.277mmol) and 4-nitrobenzaldehyde (O.092g, 0.6IOmmol, 2.2eq) in dry 
methanol (5ml) under nitrogen, was added sodium methoxide (0.018g, 0.334mmol, 
1.2eq) in dry methanol (7ml). The mixture was stirred for Imin at room 
temperature, refluxed for Ih, and immediately cooled in an ice bath. The resulting 
yellow crystals were collected by filtration and dried in vacuo (0.053g, 61 %), m.p. 
208-21O°C (Found: C, 61.33; H, 4.98; N, 13.26; M+, 313.1060. Cl6Hl5N304 
requires C, 61.34; H, 4.83; N, 13.41; M, 313.1063); Vrn• x (CHCh)/cm-1 3439,3022, 
2966, 1728, 1605, 1655, 1524, 1357, 1130; OH (250MHz; CDCh) 0.91 (3H, d, J 7, 
CH3CHCH3), 1.03 (3H, d, J 7, CH3CHCH3), 2.06 (lH, m, (CH3lzCH), 4.68 (lH, d, 
J 6, CHNH), 7.64 (lH, d, J 16, CH=CH), 8.00 (2H, d, J 9, ArH), 8.05 (lH, d, J 16, 
CH=CH), 8.29 (2H, d, J 9, ArH), 8.83 (lH, br s, NH); oc (lOOMHz; CDCh) 17.29 
(CH3), 18.40 (CH3), 31.03 (CH), 58.38 (CH), 111.04 (C), 116.69 (CH=CH), 124.48 
(ArCH), 129.25 (ArCH), 137.76 (ArC), 141.49 (CH=CH), 148.15 (ArC), 162.19 
(C), 163.84 (C), 172.43 (CO); mlz 313 (M+, 11%),270,243,193,176,102,90,55, 
43. 
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6-(I-Methylethyl)-3-[2-(2-methylphenyl)ethenyl]-5,6-dihydro-4H-pyrrolo[3,4-
c ]isoxazol-4-one [154] 
• 
o o 
A solution of 6-( l-methylethyl)-3-methyl-5,6-dihydro-4H-pyrrolo[3,4-c ]isoxazol-
4-one (0.05g, 0.277mmol) in ethanol (4ml) was added gradually to an aqueous 
solution of 10% potassium hydroxide solution (lOml) at O°C for 15min, this was 
followed by addition of 2-methylbenzaldehyde (0.040g, 0.039ml, 0.333mmol, 
1.2eq) and the mixture was stirred at O°C for a further 15min. The mixture was 
then allowed to warm to room temperature and stirred for 4h, after which it was 
placed in a refrigerator overnight. The resultant yellow crystals were filtered off 
and dried in vacuo (0.05g, 63%) m.p. 214-215°C (Found: C, 72.10; H, 6.34; N, 
10.06%; MW, 283.1449. C17H[sN20 2 requires C, 72.32; H, 6.43; N, 9.92%; MH, 
283.1446); Vrnax (CHCh)/cm'[ 3445, 3026, 3008, 1715, 1656, 1603, 1389, 1128; OH 
(250MHz; CDCh) 0.90 (3H, d, J 7, CH3CHCH3), 1.02 (3H, d, J 7, CH3CHCH3), 
2.01 (lH, m, CH3CHCH3), 2.44 (3H, s, ArCH3), 4.53 (lH, d, J 6, CHNH), 7.15 
(lH, d, J 16, CH=CH), 7.23 (3H, m, ArH), 7.74 (lH, m, ArH), 8.36 (lH, d, J 16, 
CH=CH); oe (looMHz; CDCI3) 16.84 (CH3), 17.94 (CH3), 19.09 (CH3), 30.67 
(CH), 57.95 (CH), 113.08 (C), 116.42 (CH=CH), 125.39 (ArCH), 126.10 (ArCH), 
129.78 (ArCH), 130.48 (ArCH), 133.32 (ArC), 135.13 (ArC), 138.64 (CH=CH), 
162.05 (C), 164.94 (C), 171.57 (CO); mlz 283 (MW, 47%),192,154 (100),136. 
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3-(1-Hydroxyethylidene)-S-(1-methylethyl)pyrrolidine-2,4-dione [136] 
OH 
• 
o 
Into a flask that had been flushed with nitrogen was added palladium on carbon 
(l0%,0.05g). This was carefully slurried with a few drops of ethanol and a further 
20ml of ethanol then added. 6-(l-Methyiethyl)-3-methyl-5,6-dihydro-4H-
pyrrolo[3,4-c]isoxazol-4-one (0.05g, 0.277mmol) in ethanol (lOml) was added to 
the palladium/carbon slurry whilst stirring vigorously. The reaction vessel was 
evacuated, and then purged with nitrogen three times, then evacuated and purged 
with hydrogen three times, eventually being left under an atmosphere of hydrogen. 
The reaction mixture was left stirring vigorously for 25h at room temperature. The 
reaction vessel then was then evacuated and then purged with nitrogen three times, 
and the reaction mixture was filtered using a Celite® pad. The solvent was 
removed from the filtrate in vacuo to yield an off white solid (0.05g). To the crude 
enaminone (0.05g) was added tetrahydrofuran (lOml) and sodium hydroxide 
solution (2M, 30ml), and the reaction mixture was heated at reflux for 16h. After 
cooling to room temperature, the solution was acidified and then extracted with 
dichloromethane (3 x 30ml). The combined organic layers were dried over 
magnesium sulfate, filtered and the solvent was removed in vacuo to yield a orange 
oil. This was purified by column chromatography eluting with light 
petroleum/ethyl acetate (l:3 v/v) to yield a yellow-orange oil (0.025g, 49%) 
(Found: C, 59.06; H, 7.31; N, 7.61%; MW, 184.0971. C9H13N03 requires C, 59.00; 
H, 7.15; N, 7.65%; MH, 184.0974); Vmax (CHCh)/cm'\ 3231, 3032, 1760, 1691, 
1688; OH (250MHz; CDCh) 0.94 (3H, d, J 4, CH3CHCH3), 1.15 (3H, d, J 4, 
CH3CHCH3), 2.35 (lH, m, (CH3hCH), 2.60 (3H, s, CH3), 4.21 (lH, d, J 6, 
CHNH), 6.87 (lH, br s, OH), 7.25 (lH, br s, NH); Oc (lOOMHz; CDCh) 15.75 
(CH3CHCH3), 19.34 (CH3CHCH3), 20.48 (CH3), 30.12 (CH), 62.12 (CHNH), 
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102.24 (C), 173.71 (C), 175.65 (C), 186.48 (C); m/z 184, (MH+, 100%), 154, 136, 
107. 
3-(I-Hydroxy-3-phenylpropylidene)-5-(I-methylethyl)pyrrolidine-2,4-dione 
[137] 
• 
In a flask that had been flushed with nitrogen was added palladium on carbon 
(l0%,0.05g). This was carefully slurried with a few drops of ethanol and a further 
20ml of ethanol then added. 6-(l-methylethyl)-3-(2-phenylethenyl)-5,6-dihydro-
4H-pyrrolo[3,4-c]isoxazol-4-one (0.05g, 0.186mmol) in ethanol (lOm!) was added 
to the palladium/carbon slurry whilst stirring vigorously. The reaction vessel was 
evacuated, and then purged with nitrogen three times, then evacuated and purged 
with hydrogen three times, eventually being left under an atmosphere of hydrogen. 
The reaction mixture was left stirring vigorously for 25h at room temperature. The 
reaction vessel was then evacuated and then purged with nitrogen three times, and 
the reaction mixture was filtered using a Celite ® pad. The solvent was removed 
from the filtrate in vacuo to yield an off white solid (0.05g). To the crude 
enaminone (0.05g) was added tetrahydrofuran (Wml) and sodium hydroxide 
solution (2M, 25ml), and the reaction mixture was heated at reflux for 16h. After 
cooling to room temperature the solution was acidified and then extracted with 
dichloromethane (3 x 30ml). The combined organic layers were dried over 
magnesium sui fate, filtered and the solvent was removed in vacuo to yield a orange 
oil. This was purified by column chromatography eluting with light 
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petroleum/ethyl acetate 0:3 v/v) to yield a yellow-orange oil (0.035g, 690/0) 
(Found: C, 70.51; H, 7.14; N, 5.\60/0; M+, 273.1360. C!6H!9N03 requires C, 70.31; 
H, 7.01; N, 5.12; M, 273.1365); Vrnax (CHCI3)/cm'! 3234,3028,2861, 1760, 1669, 
1600, 1456; OH (250MHz; CDCh) 0.75 (3H, d, J 6, CH3CHCH3), 1.15 (3H, d, J 6, 
CH3CHCH3), 2.33 (lH, m, (CH3)2CH), 2.37 (2H, t, J 7, CH2CH2), 2.68 (2H, t, J 7, 
CH2CH2), 4.23 (lH, s, CHNH), 6.32 (lH, br s, OH), 7.24 (5H, m, ArH), 9.06 (lH, 
br s, NH); bc (lOOMHz; CDCh) 14.64 (CH3), 20.36 (CH3), 30.81 (CH), 32.62 
(CH2), 37.45 (CH2), 61.34 (CH), 110.26 (C), 128.48 (ArCH), 129.87 (ArCH), 
130.49 (ArCH), 134.19 (ArC), 173.68 (C), 175.71 (C), 186.14 (C); m/z 273 (M+, 
150/0),255,211, 167, 140 (100),125, 105,97,91,77,55,43. 
3-(1-Hydroxy -3-phenylpropenylidene )-5-(I-methylethyl)pyrrolidine-2,4-dione 
[140] 
• 
OH 
To the 6-( I-methylethyl)-3 -(2-phenyletheny 1)-5 ,6-dihydro-4 H -pyrrolo [3,4-
c]isoxazol-4-one (0.05g, 0.186mmol), in moist acetonitrile (20ml) was added 
molybdenum hexacarbonyl (MO(CO)6), (0.049g, 0.186mmol, leq), and the reaction 
mixture was refluxed for O.5h. After cooling to room temperature the reaction 
mixture was filtered through a Celite® pad, and concentrated in vacuo to yield a 
dark brown oil, which was purified by column chromatography on silica gel eluting 
with light petroleum/ethyl acetate (2: 1 v/v) to yield a yellow-green oil (0.049g, 
970/0) (Found: C, 70.94; H, 6.59; N, 5.210/0; M+, 271.1211. C!6H17N03 requires C, 
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70.83; H, 6.32; N, 5.16%; M, 271.1208); Vmax (CHCb)/cm,1 3230, 3022, 1764, 
1685, 1663, 1598, 1450; OH (250MHz; CDCb) 0.69 (3H, d, J 6, CH3), 1.01 (3H, d, 
J 6, CH3), 2.59 (lH, m, (CH3)ZCH), 4.08 (lH, d, J 6 CHNH), 6.51 (lH, br s, NH), 
7.25 (lH, d, J 16, CH=CH), 7.49 (5H, m, ArH), 7.81 (lH, d, J 16, CH=CH); oe 
(lOOMHz; CDCI3) 14.25 (Cfh), 20.41 (m3), 31.41 (m), 60.02 (m), 102.65 (C), 
126.26 (m=CH), 128.89 (Arm), 129.71 (Arm), 130.35 (Arm), 131.98 (ArC), 
139.74 (CH=m), 172.94 (C), 175.96 (C), 186.07 (C); mlz 271 (M+, 10%),255, 
241,227,200,193 (lOO), 172, 140, 131, 103,91,77,43. 
3-[l-Hydroxy-3-(4-nitrophenyl)propyIidine]-S-(1-methylethyl)pyrroIidine-2,4-
dione [139] 
N-O 
r 
• 
OH 
o 
Into a flask that had been flushed with nitrogen was added palladium on carbon 
(10%,O.05g). This was carefully slurried with a few drops of ethanol and a further 
20ml of ethanol then added. 6-(l-Methylethyl)-3-[2-(4-nitrophenyl)ethenyl]-5,6-
dihydro-4H-pyrrolo[3,4-c]isoxazol-4-one (0.05g, 0.160mmol) in ethanol (IOml) 
was added to the palladium/carbon slurry whilst stirring vigorously. The reaction 
vessel was evacuated, and then purged with nitrogen three times, then evacuated 
and purged with hydrogen three times, eventually being left under an atmosphere 
of hydrogen. The reaction mixture was left stirring vigorously for 25h at room 
temperature. The reaction vessel was then evacuated and then purged with 
133 
nitrogen three times, and the reaction mixture was filtered using a Celite ® pad. The 
solvent was removed from the filtrate in vacuo to yield an off white solid (O.OSg). 
To the crude enaminone (O.OSg) was added tetrahydrofuran (lOml) and sodium 
hydroxide solution (2M, 20ml), and the reaction mixture was heated at reflux for 
16h. After cooling to room temperature the solution was acidified and then 
extracted with dichloromethane (3 x 20ml). The combined organic layers were 
dried over magnesium sulfate, filtered and the solvent was removed in vacuo to 
yield a brown oil. Attempts on purification using silica gel and eluting with light 
petroleum/ethyl acetate (l:3 v/v) did not yield the desired compound. 
3-[I-Hydroxy-3-(4-nitrophenyl)propenylidene]-5-(I-methylethyl)pyrrolidine-
2,4-dione [142] 
N-O 
r / ~ ~ 
# 
0 
02N 
• 
N02 
N 
H 
j 
OH 
To 6-( 1-methylethyl)-3-[2-(4-nitropheny I )ethen yl] -S ,6-dihydro-4H -pyrrolo [3,4-
c]isoxazol-4-one (O.02Sg, O.080mmol) in moist acetonitrile (IOrnl) was added 
molybdenum hexacarbonyl (Mo(CO)6) (O.02Ig, O.080mmol, leq) and the reaction 
mixture was refluxed for Ih. After cooling to room temperature the reaction 
mixture was filtered through a Celite® pad and concentrated in vacuo to yield a 
light brown oil which was purified by column chromatography on silica gel eluting 
with light petroleum/ethyl acetate (2: I v/v) to yield an orange oil (O.024g, 96%) 
(Found: C, 60.62; H, S.27; N, 9.02%; M+, 316.IOSS. C16H16N205 requires C, 60.7S; 
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H, 5.10; N, 8.86%; M, 316.1059); Vmax (CHCh)/cm'] 3227, 2968, 1766, 1686, 
1606, 1553, 1330; OH (250MHz; (CD3hSO) 0.76 (3H, d, J 7, CH3CHCH3), 1.14 
(3H, d, J 7, CH3CHCH3), 2.33 (lH, m, CH3CHCH3), 4.25 (lH, d, J 6, CHNH), 
7.67 (lH, d, J 16, CH=CH), 7.92 (1H, d, J 9, ArH), 8.31 (1H, d, J 9, ArH), 8.51 
(lH, d, J 16, CH=CH); Oc (100MHz; (CD3hSO) 14.37 (CH3), 20.54 (CH3), 31.03 
(CH), 59.38 (CH), 102.86 (C), 124.27 (ArCH), 125.23 (CH=CH), 126.21 (ArCH), 
129.49 (ArCH), 134.78 (ArC), 138.53 (CH=CH), 148.29 (ArC), 173.87 (C), 
175.03, (C), 186.60 (C); mlz 316 (M+, 18%), 301,286,273,245,217, 176, 155 
(lOO), 137,71,56,43. 
3-[I-Hydroxy-3-(4-methoxyphenyl)propylidene]-5-(I-methylethyl)-
pyrrolidine-2,4-dione [138] 
MeO 
• 
OMe 
OH 
o 
Into a flask that had been flushed with nitrogen was added palladium on carbon 
(10%, 0.050g). This was carefully slurried with a few drops of ethanol and a 
further 20ml of ethanol then added. 6-(l-Methylethyl)-3-[2-(4-
methoxyphenyl)ethenyl]-5,6-dihydro-4H-pyrrolo[3,4-c]isoxazol-4-one (O.030g, 
0.100mrnol) in ethanol (IOm!) was added to the palladium/carbon slurry whilst 
stirring vigorously. The reaction vessel was evacuated, and then purged with 
nitrogen three times, then evacuated and purged with hydrogen three times, 
eventually being left under an atmosphere of hydrogen. The reaction mixture was 
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left stirring vigorously for 25h at room temperature. The reaction vessel was then 
evacuated and then purged with nitrogen three times, and the reaction mixture was 
filtered using a Celite® pad. The solvent was removed from the filtrate in vacuo to 
yield an off white solid, (O.030g). To the crude enaminone (O.030g) was added 
tetrahydrofuran (lOml) and sodium hydroxide solution (2M, 25ml), and the 
reaction mixture was heated at reflux for 16h. After cooling to room temperature 
the solution was acidified and then extracted with dichloromethane (3 x 20ml). 
The combined organic layers were dried over magnesium sulfate, filtered and the 
solvent was removed in vacuo to yield a yellow-green oil. This was purified by 
column chromatography eluting with light petroleum/ethyl acetate (l:3 v/v) to 
yield a yellow-green oil (O.0l8g, 59%) (Found: C, 67.66; H, 7.21; 4.90%; M+, 
303.1472. C17H21N04 requires C, 67.31; H, 6.98; N, 4.62%; M, 303.1471); Vrnax 
(CHCI3)/cm·1 3235, 2858, 2831, 1772, 1681, 1690, 1598, 1460; OH (250MHz; 
CDCI3) 0.75 (3H, d, J 7, CH3CHCH3), 1.13 (3H, d, J 7, CH3CHCH3), 2.32 (lH, m, 
(CH3)2CH), 2.35 (2H, d, J 7, CH2CH2Ar), 2.62 (2H, d, J 7, CH2CH2Ar), 3.74 (3H, 
s, OCH3), 4.21 (IH, d, J 6, CHNH), 6.70 (2H, d, J 9, ArH), 7.09 (2H, d, J 9, ArH); 
Oc (100MHz; CDCb) 14.56 (CH3), 20.78 (CH3), 30.21 (CH), 32.25 (CH2), 37.39 
(CH2), 56.04 (CH3), 60.02 (CH), 102.63 (C), 113.74 (ArCH), 130.12 (ArCH), 
133.08 (ArC), 157.94 (ArC), 173.46 (C), 175.51 (C), 185.92 (C); mlz 303 (M+, 
30/0),288,273,260,232,204,135,121,155,107,91,76,57,43. 
136 
3-[1-Hydroxy -3-( 4-methoxyphenyl)propenylidene ]-5-(1-
methylethyl)pyrrolidine-2,4-dione [141] 
• 
OM. 
MeO 
OH 
o 
To 6-(I-methylethyl)-3-[2-(4-methoxyphenyl)ethenyl]-5,6-dihydro-4H-
pyrrolo[3,4-c]isoxazol-4-one (0.020g, 0.067mmol), in moist acetonitrile (20ml) 
was added molybdenum hexacarbonyl (MO(CO)6), (0.018g, 0.067mmol, leq), and 
the reaction mixture was refluxed for 0.5h. After cooling to room temperature the 
reaction mixture was filtered through a Celite® pad, and concentrated in vacuo to 
yield a brown oil which was purified by column chromatography on silica gel 
eluting with light petroleum/ethyl acetate (2: I v/v) to yield a yellow-green oil, 
(0.019g, 96%) (Found: C, 67.85; H, 6.59; N, 4.71%; M+, 301.1312. C17H]9N04 
requires C, 67.76; H, 6.36; N, 4.65; M, 301.1314); Vmax (CHCb)!cm'] 3235, 2852, 
2827, 1769, 1686, 1603; OH (250MHz; CDCb) 0.78 (3H, d, J 7, CH3CHCH3), 1.14 
(3H, d, J 7, CH3CHCH3), 2.33 (lH, m, CH3CHCH3), 3.76 (3H, s, OCH3), 4.22 (lH, 
d, J 6, CHNH), 7.67 (lH, d, J 16, CH=CHAr), 7.92 (2H, d, J 9, ArH), 8.31 (2H, d, 
J 9, ArH), 8.53 (lH, d, J 16, CH=CHAr); Oc (lOOMHz; CDCb); 14.68 (CH3), 
20.26 (CH3), 30.35 (CH), 56.52 (CH3), 60.02 (CH), 103.15 (C), 113.74 (ArCH), 
126.25 (CH=CHAr), 129.48 (ArCH), 132.21 (ArC), 158.39 (ArC), 173.49 (C), 
175.78 (C), 186.73 (C); m/z 301 (M+, 8%), 286,271,258,230,202, 193, 167, 140, 
133,120, 107,43. 
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N-tert-Butyloxycarbonyl-(S)-Ieucine methyl ester [102] 
~CI 
CO,Me 
~c 
CO,Me 
To (S)-Ieucine methyl ester hydrochloride (2.0g, 11.01mmol) in dichloromethane 
(70ml) at O°C was added dropwise over 30min with stirring, triethylamine (2.23g, 
3.07ml, 22mmol, 2eq) followed by di-tert-butyl dicarbonate (2.52g, 11.56mmol, 
1.05eq) in dichloromethane (lOml) dropwise over 1.5h. The reaction mixture was 
left to stir for 17h, and then washed with citric acid solution (lM, 2 x 70ml) and 
saturated brine (2 x 50m1), dried over magnesium sulfate, and concentrated in 
vacuo, to yield a colourless oil (2.61g, 97%) that was used without further 
purification, [a]D25 -13.2 (c 2.3 in CHCh); (Found: C, 58.84; H, 9.51; N, 5.69%; 
M+, 245.1626. C12H23N04 requires C, 58.75; H, 9.45; N, 5.71 %; M, 245.1627); OH 
(250MHz; CDCh) 0.94 (6H, 2 x d, J 6, 6, CH3CHCH3), 1.44 (9H, s, C(CH3h), 
3.73 (3H, s, C02CH3); oc (lOOMHz; CDCh) 22.03 «CH3h), 22.85 (CH), 28.52 
(C(CH3)3), 41.76 (CH2), 52.08 (C02CH3), 53.48 (NCH), 79.66 (C(CH3)3), 155.51 
(NHC02), 174.02 (C02CH3). 
(S)-2-tert-Butyloxycarbonylamino-4-methylpentanaldoxime [107] 
~c 
CO,Me 
Preparation of the aldehyde: 
• 
~HBOC 
, #N~ 
OH 
To N-tert-butyloxycarbonyl-(S)-Ieucine methyl ester (2.70g, 11mmol) in dry 
toluene (50ml) at -78°C under nitrogen, was added dropwise over 1h, 
diisobutylaluminium hydride (1.0M in toluene, 27.50ml, 27.50mmol, 2.5eq). After 
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stirring at -78°C for a further 0.5h, methanol (7ml) was added, and the reaction 
mixture was poured into a solution of Rochelle salt (20g) in water (IOOml) and 
stirred vigorously for 1.5h. The aqueous phase was separated and extracted with 
ethyl acetate (3 x 70ml). The organic phases were combined, and washed with 
saturated brine (2 x 70ml), dried over magnesium sulfate and concentrated in 
vacuo, to yield a colourless oil that was used without further purification; OH 
(250MHz; CDCh) 0.88 (6H, d, J 6, CH3CHCH3), 1.39 (9H, s, QCH3H 1.54 (2H, 
m, CH2CHNH), 1.89 (lH, m, CH3CHCH3), 4.70 (IH, m, CHNH), 9.63 (lH, br s, 
CHO). 
Preparation of the oxime: 
To hydroxylamine hydrochloride (1.53g, 22mmol, 2eq) and sodium acetate (3.61g, 
44mmol, 4eq) in water (l5ml) was added the crude aldehyde (2.37g, Ilmmol), 
dissolved in ethanol (IOml). A few drops of ethanol were added to dissolve the 
precipitate and the solution was warmed to 70°C for IOmin. The solution was then 
allowed to cool to room temperature and left in the refrigerator for 17h. No 
precipitate was seen so the solution was extracted with ethyl acetate (4 x 70ml), 
and then the organics were concentrated in vacuo to yield a white solid (2.51 g, 
99%) that was used without further purification, [a]D25 +30.2 (c 3.8 in CHCh); 
(Found: C, 57.52; H, 9.78; N, 12.24%; M+, 230.1626. CllH22N203 requires C, 
57.37; H, 9.63; N, 12.16%; M, 230.1630); OH (250MHz; (CD3hSO) 0.87 (6H, d, J 
6, CH3CHCH3), 1.37 (9H, s, QCH3)3), 1.54 (2H, m, CH2CHNH), 1.87 (lH, m, 
CH3CHCH3), 4.71 (!H, m, CHNH), 6.50 (lH, d, J 6, CH=N), 7.12 (lH, d, J 6, 
CH=N); oe (IOOMHz; (CD3hSO) 23.59 (CH3), 25.12 (CH(CH3h), 29.26 (CH 
(CH3h), 41.57 (CfhCHNH), 47.21 (CHNH), 73.45 (CH(CH3)3). 155.30 (CH=N), 
157.63 (NHC02)' 
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tert-Butyl (S)-3-(I-tert-butoxycarbonylamino-3-methylbutyl)-5-
methylisoxazole-4-carboxylate [113] 
~HBoc 0 
; .,rr0H N 
, d' • r: • 
NHBoc C02tBu 
C02tBu 
To (S)-2-tert-butyloxycarbonylamino-4-methylpentanaldoxime (8.0g, 34.74mmol) 
in chloroform (600ml) at O°C, was added N-chlorosuccinimide (5.lOg, 38.21mmol, 
1.1 eq) portion wise over 20 minutes. The reaction mixture was heated under reflux 
for I7h. tert-Butyl-3-pyrrolidino-2-butenoate (l4.58g, 69.47mmol, 2eq) in 
chloroform (50ml), was added in one portion, followed by triethylamine (3.87g, 
5.33ml, 38.21mmol, 1.1eq) over 3h. The reaction was allowed to reflux for a 
further 3h, and was then allowed to cool to room temperature (lh). The reaction 
mixture was then poured into water (500ml) the organics were separated and 
washed with citric acid solution (2M, 400ml), sodium hydroxide solution (5% w/v, 
400ml), and saturated brine (500ml), then dried over magnesium sulfate and 
concentrated in vacuo to yield a dark brown oil. The oil underwent purification by 
column chromatography eluting with light petroleum/ethyl acetate (7: 1 v/v), to 
yield a yellow oil (5.67g, 48%) [a]D25 -25.2 (c 3.5 in CHCI) (Found: C, 62.08; H, 
8.91; 7.66; M+, 368.2313. C19H32N205 requires C, 61.93; H, 8.75; N, 7.60; M, 
368.2311); OH (250MHz; CDCI) 0.93 (6H, 2 x d, J 6,6, (CH3)2CH), 1.34 (2H, m, 
(CH3hCHCH2), 1.45 (9H, s, (CH3h), 1.56 (lH, m, (CH3)2CH) 1.59 (9H, s, (CH3)3), 
2.61 (3H, s, 5-CH3), 5.21 (lH, t, J 7, CHNH), 5.78 (lH, br s, NH); oc (lOOMHz; 
CDCI) 13.62 (5-CH3), 22.28 (CH3), 22.63 (CH3), 25.00 (CH(CH3)2), 27.98 
(C(CH3)3), 28.29 (C(CH3)3), 43.86 (CH2), 51.54 (CHNH), 81.97 (C(CH3h), 82.54 
(C(CH3)3), 108.79 (C), 155.14 (OCONH), 163.98 (C), 166.40 (C), 175.27 
(C0 2'Bu). 
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(S)-3-(1-Amino-3-methylbutyl)-5-methylisoxazole-4-carboxylic acid 
hydrochloride [116] 
• 
NH2HCI C02H 
To tert-butyl (S)-3-( I-tert-butoxycarbony lamino-3-methylbutyl)-5-
methylisoxazole-4-carboxylate (4.0g, 11.75mmol) was added TFA, trifluoroacetic 
acid (l3.40g, 9.02ml, 117.49mmol, lOeq), and the reaction mixture was stirred at 
room temperature for l7h. The TFA was removed in vacuo, followed by addition 
of hydrochloric acid (2M, 70ml), and the reaction was stirred at room temperature 
for a further 17h. The reaction was concentrated in vacuo and the solid residue was 
dissolved in water (50ml) and washed with ethyl acetate (3 x 30ml), and 
concentrated in vacuo to yield a beige solid (2.43g, 83%) that was used without 
further purification; (Found: M+ - HCI, 212.1158. CllH16N203CI requires M - HCl, 
212.1161); OH (250MHz; (CD3)2S0) 0.93 (6H, 2 x d, J 6,6, (CH3hCH), 1.34 (2H, 
m, (CH3)2CHCH2), 1.56 (lH, m, (CH3hCH), 2.61 (3H, s, 5-CH3), 4.78 (lH, t, J 7, 
CHNH), 8.62 (3H, br s, +NH3). 
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(S)-6-(2-methylpropyl)-3-methyl-S,6-dihydro-4H-pyrrolo[3,4-c]isoxazol-4-one 
[119] 
NH2HCI C02H 
To (S)-3-( 1-amino-3 -methylbutyl)-5-meth ylisoxazole carboxylic acid 
hydrochloride (4.36g, 17.52mmol) and N-hydroxysuccinimide (2.20g, 19.27mmol, 
l.leq) in dry dimethylformamide (llOml) at ODC, was added portionwise over 1.5h, 
EDCI (3.70g, 19.27mmol, 1.1eq). The reaction was allowed to warm to room 
temperature and stirred for 17h. Triethylamine (5.32g, 7.33ml, 52.56mmol, 3eq) 
was added dropwise over 3h, and the reaction was allowed to stir for a further 17h 
and then concentrated in vacuo. The residue was dissolved in ethyl acetate 
(lOOm\), washed with water (2 x 50ml), hydrochloric acid (2M, 2 x 25ml), 
saturated sodium hydrogencarbonate solution (2 x 25ml), saturated brine (25ml), 
and dried over magnesium sulfate, and concentrated in vacuo to yield a beige solid. 
This was subject to purification by column chromatography eluting with ethyl 
acetatellight petroleum (3:1 v/v) to yield a white solid (2.05g, 60%), m.p. 170-
172DC; [a]D25 +20.2 (c 3.2 in CHCb); (Found: C, 61.96; H, 7.38; N, 14.39%; M+, 
194.1053. ClOHl4N202 requires C, 61.84; H, 7.27; N, 14.42%; M, 194.1055); Vrnax 
(CHCb)lcm-1 3442, 3034, 2969, 1711, 1655, 1529, 1382, 1326, 1128; OH (250 
MHz; CDCh) 1.02 (6H, 2 x d, J 6,6, (CH3)2), 1.70 (2H, m, CH2CHNH), 1.98 (lH, 
m, (CH3hCB), 2.63 (3-CH3), 4.70 (!H, t, J 7, CH2CHNH), 7.46 (lH, br s, NB); oe 
(I00MHz; CDCh) 11.68 (Cfh), 22.35 (CH3), 23.46 (CH3), 25.61 (CH), 47.73 
(CH2), 51.66 (CH), 113.03 (C), 162.84 (C), 165.81 (C), 173.23 (CO); mlz 194 (M+, 
12%), 179, 137 (100), 70, 57, 43. 
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6-(2-methylpropyl)-3-(2-phenylethenyl)-5,6-dihydro-4H-pyrrolo[3,4-
c ]isoxazol-4-one [123] 
-
o o 
To 6(S)-(2-methylpropyl)-3-methyl-5,6-dihydro-4H-pyrrolo[3,4-c ]isoxazol-4-one 
(0.05g, 0.257mmol) in dry methanol (lOml), under nitrogen at room temperature, 
was added benzaldehyde (0.06g, 0.057ml, 0.566mmol, 2.2eq) and methanolic 
sodium methoxide (25% wt. in methanol, 0.167g, O.I77ml, 0.772mmol, 3eq). The 
reaction mixture was stirred at room temperature for a further 2min, refluxed for 
Ih, and immediately cooled in an ice bath. The solvent was removed in vacuo to 
yield a yellow/green solid, which underwent purification by column 
chromatography eluting with light petroleum/ethyl acetate (2:1 v/v) to yield a light 
green solid (0.028g, 39%), m.p. 202-204°C; (Found: C, 72.17; H, 6.53; N, 10.09%; 
M+, 282.1373. C 17H!sNzOz requires C, 72.32; H, 6.43; N, 9.92%; M, 282.1368); 
Vrnax (CHCh)/cm'! 3442,3040,3012, 1713, 1653, 1602, 1376, 1122; OH (250MHz; 
CDCh) 1.04 (6H, 2 x d, J 6, 6, (CH3)z), 1.77 (2H, m, CHzCHNH), 1.97 (lH, m, 
(CH3)zCH), 4.77 (lH, t, J 7, CHzCHNH), 6.52 (1H, br s, NH), 7.13 (lH, d, J 16, 
CH=CH), 7.40 (3H, m, ArH), 7.61 (2H, m, ArH), 8.02 (1H, d, J 16, CH=CH); oc 
(100MHz; CDCh) 22.46 (CH3), 22.60 (CH3), 25.32 (CH(CH3)z), 47.76 (CHz), 
51.65 (CH), 111.78 (C), 115.44 (CH=CH), 127.90 (ArCH), 128.97 (ArCH), 130.18 
(ArCH), 133.07 (ArC), 141.96 (CH=CH), 162.81 (C), 165.85 (C), 173.17 (CO); 
mlz 282 (M+), 267, 252, 225, 198, 170, 131 (100%), 103,77,57. 
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6-(2-methylpropyl)-3-[2-( 4-methoxyphenyl)ethenyI1-5,6-dihydro-4H-
pyrrolo[3,4-c 1isoxazol-4-one [1261 
-
OMe 
To 6-(2-methylpropyl)-3-methyl-5,6-dihydro-4H-pyrrolo[3,4-c1isoxazol-4-one 
(0.05g, 0.257mmol) in dry methanol (7ml), under nitrogen at room temperature, 
was added 4-methoxybenzaldehyde (0.077g, 0.069ml, 2.2eq) and methanolic 
sodium methoxide (25% wt. in methanol, 0.177ml, 0.167g, 0.772mmol, 3eq). The 
reaction mixture was stirred at room temperature for 2min, refluxed for Ih, and 
immediately cooled in an ice bath. The solvent was removed in vacuo, to yield a 
yellow-brown oil, which crystallised upon cooling. This was purified using 
column chromatography eluting with light petroleum/ethyl acetate (2: 1 v/v), to 
yield an off-white solid (O.OlOg, 12%), m.p. 216-218°C (Found: C, 69.28; H, 6.73; 
9.11 %; M+, 312.1480. C]sH2oN203 requires C, 69.21; H, 6.45; N, 8.97%; M, 
312.1474); Vrnax (CHCI3)/cm·] 3437, 3042, 2974, 2841, 1706, 1658, 1604, 1386, 
1129; OH (250MHz; CDCh) 1.03 (6H, 2 x d, J 6, 6, (CH3)2), 1.78 (2H, m, 
CH2CHNH), 1.98 (lH, m, (CH3hCH), 3.85 (3H, s, OCH3), 4.74 (lH, t, J 7, 
CH2CHNH), 6.06 (lH, br s, NH), 6.93 (2H, d, J 9, ArH), 6.98 (lH, d, J 16, 
CH=CH), 7.57 (2H, d, J 9, ArH), 7.97 (IH, d, J 16, CH=CH); oe (lOOMHz; 
CDCh) 22.34 (CH3), 22.54 (CH3), 23.67 (CH), 47.35 (CH2), 48.12 (CH), 58.51 
(CH3), 111.50 (C), 113.74 (ArCH), 114.68 (CH=CH), 130.45 (ArCH), 133.81 
(ArC), 141.96 (CH=CH), 157.81 (ArC), 162.81 (C), 166.07 (C), 173.42 (CO); m/z 
312 (M+,41%),256,227, 207,161 (100), 133, 106,91,77,70,57,41. 
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6-(2-methylpropyl)-3-[2-(4-nitrophenyl)ethenyl]-S,6-dihydro-4H-pyrrolo[3,4-
c ]isoxazol-4-one [129] 
- N02 
To 6-(2-methylpropyl)-3-meth yl-5, 6-dihydro-4H -pyrrolo[3 ,4-c] isoxazol-4-one 
(0.05g, 0.257mmol) in dry methanol (7ml) under nitrogen at room temperature, 
was added 4-nitrobenzaldehyde (0.086g, 0.566mmol, 2.2eq), and sodium 
methoxide (0.014g, 0.257mmol, leq) in dry methanol (5ml). The reaction mixture 
was stirred at room temperature for Imin, refluxed for Ih and immediately cooled 
in an ice bath. The reaction mixture was allowed to cool in the ice bath for 3h, the 
yellow crystals that had formed were filtered off, and dried in vacuo (0.048g, 57%), 
m.p. 212-213°C (Found: C, 62.49; H, 5.42; N, 12.93%; M+, 327.1224. C17H17N304 
requires C, 62.38; H, 5.23; N, 12.84%; M, 327.1219); Vmax (CHCh)/cm·1 3444, 
2969, 1713, 1649, 1526, 1378, 1365; OH (250MHz; CDCh) 1.03 (6H, 2 x d, J 6,6, 
(CH3h), 1.75 (2H, m, CH2CHNH), 1.98 (lH, m, (CH3)2CH), 4.75 (lH, t, J 7, 
CH2CHNH), 7.35 (IH, d, J 16, CH=CH), 7.83 (2H, d, J 9, ArH), 8.06 (lH, d, J 16, 
CH=CH), 8.26 (2H, d, J 9, ArH), 8.48 (lH, br s, NH); oe (lOOMHz; CDCh) 22.19 
(CH3), 22.61 (CH3), 24.27 (CH), 47.10 (CH2), 51.66 (CH), 111.04 (C), 115.65 
(CH=CH), 124.53 (ArCH), 129.17 (ArCH), 134.40 (ArC), 138.10 (ArC), 139.96 
(CH=CH), 162.33 (C), 166.60 (C), 171.29 (CO); mlz 327 (M+, 26%), 312, 297, 
284,257,242,214,176,97,69,57 (100), 43. 
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3-(I-Hydroxy-3-pbenyJpropylidene)-5-(2-metbyJpropyJ)pyrrolidine-2,4-dione 
[143] 
N-O 
7 
• 
o ~f 
N 
H 
OH 
o 
Into a flask tbat had been flushed with nitrogen was added palladium on carbon 
(l0%,O.05g). This was carefully slurried with a few drops of ethanol and a further 
20ml of ethanol then added. 6-(2-Methylpropyl)-3-(2-phenylethenyl)-5,6-dihydro-
4H-pyrrolo[3,4-c]isoxazol-4-one (0.05g, O.I77mmol) in ethanol (lOml) was added 
to the palladium/carbon slurry whilst stirring vigorously. The reaction vessel was 
evacuated, and then purged with nitrogen three times, then evacuated and purged 
with hydrogen three times, eventually being left under an atmosphere of hydrogen. 
The reaction mixture was left stirring vigorously for 25h at room temperature. The 
reaction vessel was then evacuated and then purged with nitrogen three times, and 
the reaction mixture was filtered using a Celite® pad. The solvent was removed 
from the filtrate in vacuo to yield an off white solid (O.05g). To the crude 
enaminone (0.05g) was added tetrahydrofuran (lOml) and sodium hydroxide 
solution (2M, 20ml), and the reaction mixture was heated at reflux for 17h. After 
cooling to room temperature the solution was acidified and then extracted with 
dichloromethane (3 x 30ml). The combined organic layers were dried over 
magnesium sulfate, filtered and the solvent was removed in vacuo to yield a 
yellow-green oil. This was subject to purification by column chromatography on 
silica gel eluting with light petroleum/ethyl acetate (l:3 v/v) to yield a yellow-
green oil (0.029g, 58%) (Found: C, 71.24; H, 7.49; 5.05%; M+, 287.1522. 
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C17H2)N03 requires C, 71.06; H, 7.37; N, 4.87%; M, 287.1521); Vrnax (CHCb)/cm') 
3241,3011,2915, 1769, 1680, 1602, 1459; OH (250MHz; CDCb) 0.99 (6H, 2 x d, J 
6,6, (CH3hCH), 1.78 (2H, m, CH2CHNH), 2.04 (lH, m, (CH3hCH), 2.36 (2H, t, J 
7, CH2CH2Ar) 2.66 (2H, t, J 7, CH2CH2Ar), 4.23 (lH, m, CHNH), 7.26 (5H, m, 
ArH); oe (IOOMHz; CDCb) 21.35 (CH3), 22.49 (CH3), 25.61 (CH), 33.04 (CH2), 
37.87 (CH2), 42.97 (CH2), 53.79 (CH), 128.64 (ArCH), 129.31 (ArCH), 130.73 
(ArCH), 133.72 (ArC), 173.17 (C), 175.84 (C), 189.64 (C); 287 (M+), 272, 269, 
257,230,202,210,174,137,105,91,96,77,70,57,43. 
3-(I-Hydroxy-3-pbenylpropenyJidene)-S-(2-metbylpropyI)pyrrolidine-2,4-
dione [146] 
N-O 
r 
HN---., OH 
To 6-(2-methylpropyl)-3-(2-phenylethenyl)-5,6-dihydro-4H-pyrrolo[3,4-
c]isoxazol-4-one (0.05g, O.I77mmol), in moist acetonitrile (20ml) was added 
molybdenum hexacarbonyl (MO(CO)6), (0.047g, O.I77mmol, leq), and the reaction 
mixture was refluxed for 0.5h. After cooling to room temperature the reaction 
mixture was filtered through a Celite® pad, and concentrated in vacuo to yield a 
dark brown oil which was purified by column chromatography eluting with light 
petroleum/ethyl acetate (2: 1 v/v) to yield a yellow oil (0.043g, 86%) (Found: C, 
71.39; H, 6.84; N, 5.03%; M+, 285.1368. C17H19N03 requires C, 71.56; H, 6.71; N, 
4.91%; M, 285.1365); Vrnax (CHCb)/cm·1 3234,3026, 1771, 1790, 1670, 1608; OH 
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(250MHz; CDCh) 1.01 (6H, 2 x d, J 6, 6, CH(CH3)2), 1.79 (2H, m, CH2CHNH), 
2.04 (1H, m, (CH3hCH), 4.24 (1H, m, CHNH), 7.36 (3H, m, ArH), 7.66 (2H, m, 
ArH), 7.71 (1H, d, J 16, CH=CH), 8.22 (1H, d, J 16, CH=CH); lie (100MHz; 
CDCb) 22.04 (CH3), 23.89 (CH3), 26.12 (CH), 43.76 (CH2), 54.26 (CH), 102.89 
(C), 125.47 (CH=CH), 127.97 (ArCH), 129.62 (ArCH), 130.83 (ArCH), 132.57 
(ArC), 141.75 (CH=CH), 173.09 (C), 176.14 (C), 189.24 (C); 285 mlz (M+), 270, 
255,252,228,200,208,172,138,131,103,77,70,57,43. 
3-[I-Hydroxy-3-(4-methoxyphenyl)propylidene]-5-(2-
methylpropyl)pyrrolidine-2,4-dione [144] 
OMe 
MeO 
• 
OH 
o 
Into a flask that had been flushed with nitrogen was added palladium on carbon 
(10%,O.05g). This was carefully slurried with a few drops of ethanol and a further 
20ml of ethanol then added. 6-(2-Methylpropyl)-3-[2-(4-methoxyphenyl)ethenyl]-
5,6-dihydro-4H-pyrrolo[3,4-c]isoxazol-4-one (O.025g, O.08mmol) in ethanol 
(lOml) was added to the palladium/carbon slurry whilst stirring vigorously. The 
reaction vessel was evacuated, and then purged with nitrogen three times, then 
evacuated and purged with hydrogen three times, eventually being left under an 
atmosphere of hydrogen. The reaction mixture was left stirring vigorously for 25h 
at room temperature. The reaction vessel was then evacuated and then purged with 
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nitrogen three times, and the reaction mixture was filtered using a Celite® pad. The 
solvent was removed from the filtrate in vacuo to yield an off white solid (O.025g). 
To the crude enaminone (O.025g) was added tetrahydrofuran (lOml) and sodium 
hydroxide solution (2M, 20ml), and the reaction mixture was heated at reflux for 
17h. After cooling to room temperature, the solution was acidified and then 
extracted with dichloromethane (3 x 20ml). The combined organic layers were 
dried over magnesium sulfate, and the solvent was removed in vacuo to yield a 
yellow-green oil. This was purified by column chromatography eluting with light 
petroleum/ethyl acetate (1:3 v/v) to yield a yellow-green oil (0.015g 61 %) (Found: 
C, 67.89; H, 7.52; N, 4.66%; M+, 317.1626. C1sH23N04 requires C, 68.12; H, 7.30; 
N, 4.41%; M, 317.1627); Vrnax (CHCh)/cm·1 3229,3031,2916,2824,1761,1685, 
1663, 1604, 1460; liH (250MHz; CDCh) 0.98 (6H, 2 x d, J 6,6, CH(CH3h), 1.76 
(2H, m, CH2CHNH), 2.03 (lH, m, (CH3hCH), 2.35 (2H, t, J 7, CH2CH2Ar), 2.64 
(2H, t, J 7, CH2CH2Ar) 3.86 (3H, s, OCH3), 4.24 (lH, t, J 6, CH2CHNH), 6.96 
(2H, d, J 9, ArH), 7.46 (2H, d, J 9, ArH); lie (lOOMHz; CDCh) 21.52 (CH3), 22.68 
(CH3), 25.17 (CH), 33.11 (CH2), 37.96 (CH2), 43.64 (CH2), 57.22 (CH3) 103.43 
(C), 114.46 (ArCH), 129.68 (ArCH), 132.51 (ArC), 158.32 (ArC), 173.70 (C), 
177.06 (C), 189.67 (C); miz 317 (M+, 11%) 302, 287, 274, 260, 210, 204,196,182, 
70,57,43. 
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3-[1-Hydroxy-3-(4-methoxyphenyl)propenylidene]-S-(2-
methylpropyl)pyrrolidine-2,4-dione [147] 
OMe 
• 
MeO 
OH 
To 6-(2-methylpropyl)-3-[2-( 4-methoxyphenyl)ethenyl]-5,6-dihydro-4H-
pyrrolo[3,4-c ]isoxazol-4-one (0.020g, 0.064mmol), in moist acetonitrile (20ml) 
was added molybdenum hexacarbonyl (MO(CO)6), (0.017g, 0.064mmol, leq), and 
the reaction mixture was refluxed for 0.5h. After cooling to room temperature the 
reaction mixture was filtered through a Celite® pad, and concentrated in vacuo to 
yield a light brown oil which was purified by column chromatography on silica gel 
eluting with light petroleum/ethyl acetate (2:1 v/v) to yield a yellow oil (0.017g, 
87%) (Found: C, 68.71; H, 6.90; N, 4.63%; M+, 315.1475. C!sH2!N04 requires C, 
68.55; H, 6.71; N, 4.44%; M, 315.1471); Vrnax (CHCi))/cm'! 3234, 2915, 2828, 
1769,1685,1660,1607; IiH (250MHz; CDCI3) 1.01 (6H, 2 x d, J 6,6, CH(CH3)2), 
1.78 (2H, m, CH2CHNH), 2.04 (lH, m, (CH3)2CH), 3.85 (3H, s, OCH3), 4.22 (lH, 
t,]7, CH2CHNH), 7.53 (IH, d, J 16, CH=CH), 7.85 (2H, d, J 9, ArH), 8.34 (2H, d, 
J 9, ArH), 8.46 (lH, d, J 16, CH=CH); lie (lOOMHz; CDCI3) 21.67 (CH3), 23.83 
(CH3), 25.76 (CH), 42.86 (CH2), 53.27 (CH), 56.64 (CH3), 102.34 (C), 113.39 
(ArCH), 125.72 (CH=CH), 130.18 (ArCH), 134.11 (ArC), 140.29 (CH=CH), 
158.45 (ArC), 173.58 (C), 176.07 (C), 190.13 (C); mlz 315 (M+, 5%) 300, 285, 
283,272,258,245,208,202,152,138,133,107,70,57,43. 
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3-[I-Hydroxy-3-(4-nitrophenyl)propylidene]-5-(2-methylpropyl)pyrrolidine-
2,4-dione [145] 
O,N 
• 
o 
NO, 
OH 
o 
Into a flask that had been flushed with nitrogen was added palladium on carbon 
(l0%,O.05g). This was carefully slurried with a few drops of ethanol and a further 
20ml of ethanol then added. 6-(2-Methylpropyl)-3-[2-(4-nitrophenyl)ethenyl]-5,6-
dihydro-4H-pyrrolo[3,4-c]isoxazol-4-one (0.05g, 0.153mmol) in ethanol (lOml) 
was added to the palladium/carbon slurry whilst stirring vigorously. The reaction 
vessel was evacuated, and then purged with nitrogen three times, then evacuated 
and purged with hydrogen three times, eventually being left under an atmosphere 
of hydrogen. The reaction mixture was left stirring vigorously for 25h at room 
temperature. The reaction vessel was then evacuated and then purged with 
nitrogen three times, and the reaction mixture was filtered using a Celite ® pad. The 
solvent was removed from the filtrate in vacuo to yield an off white solid (0.05g). 
To the crude enaminone (O.05g) was added tetrahydrofuran (lOml) and sodium 
hydroxide solution (2M, 20ml), and the reaction mixture was heated at reflux for 
16h. After cooling to room temperature, the solution was acidified and then 
extracted with dichloromethane (3 x 20ml). The combined organic layers were 
dried over magnesium sulfate, filtered and the solvent was removed in vacuo to 
yield a brown oil. Attempts to purify this oil by column chromatography eluting 
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with light petroleum/ethyl acetate (1:3 v/v) did not result in the isolation of the 
desired product. 
3-[I-Hydroxy-3-(4.nitrophenyl)propenylidene]-5-(2-methylpropyl)pyrrolidine. 
2,4.dione [148] 
• 
OH 
o 
To 6-(2-methylpropyl)-3-[2-(4-nitrophenyl)ethenyl]-5,6-dihydro-4H-pyrrolo[3,4-
c ]isoxazol-4-one (0.03g, 0.092mmol), in moist acetonitrile (20ml) was added 
molybdenum hexacarbonyl (MO(CO)6), (0.024g, 0.092mmol, leq), and the reaction 
mixture was refluxed for 0.5h. After cooling to room temperature the reaction 
mixture was filtered through a Celite ® pad, and concentrated in vacuo to yield a 
brown oil, this was purified using column chromatography eluting with light 
petroleum/ethyl acetate (2: 1 v/v) to yield an orange-yellow oil (0.028g, 95%) 
(Found: C, 61.97; H, 5.60; N, 8.63%; M+, 330.1214. C17H1sNzOs requires C, 61.81; 
H, 5.49; N, 8.48%; M, 330.1216); Vmax (CHCh)/cm-1 3226, 2913, 1773, 1690, 
1641, 1603, 1521, 1348; OH (250MHz; (CD3)zSO) 1.03 (6H, 2 x d, J 6, 6, 
CH(CH3)z), 1.79 (2H, m, CHzCHNH), 2.04 (lH, m, (CH3)zCH), 4.22 (1H, t, J 7, 
CHNH), 7.55 (lH, d, J 16, CH=CH), 7.84 (2H, d, J 9, ArH), 8.32 (2H, d, J 9, 
ArH), 8.47 (lH, d, J 16, CH=CH); Oc (100MHz; (CD3)ZSO) 22.34 (CH3), 23.89 
(CH3), 25.42 (CH), 43.36 (CHz), 54.16 (CH), 103.85 (C), 124.72 (ArCH), 125.60 
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(CH=CH), 127.12 (ArCH), 130.58 (ArCH), 132.68 (ArC), 138.08 (CH=CH), 
149.06 (ArC), 173.56 (C), 175.44 (C), 189.79 (C); mlz 330 (M+, 12%) 315, 300, 
298,287,273,260,217,208,148,138,122,70,57,43. 
3-(2-Hydroxy-2-methylpentyl)-6-(2-methylpropyl)-5,6-dihydro-4H-
pyrrolo[3,4-c ]isoxazol-4-one [149] 
--
HN-...... ,
OH 
To 6-(2-methylpropyl)-3-methyl-5,6-dihydro-4H-pyrrolo[3,4-c]isoxazol-4-one 
(0.05g, 0.257mmol) in dry tetrahydrofuran (!Oml) under nitrogen at -78°C was 
added n-butyllithium (2.5M in hexanes, 0.277rnl, 0.566mmol, 2.2eq). The solution 
was allowed to stir at -78°C for Ih before the addition of 2-pentanone (0.049g, 
0.060rnl, 0.566mmol, 2.2eq). The reaction was stirred at -78°C for a further 2h 
and then allowed to warm to room temperature (l6h). Saturated ammonium 
chloride solution (!Oml) was added to the reaction, and the organic layer was 
separated and washed with saturated sodium chloride solution (lOml), dried over 
magnesium sulfate, filtered and concentrated in vacuo to yield a yellow oil, which 
was purified by column chromatography on silica gel eluting with light 
petroleum/ethyl acetate (2:1 v/v) to yield a pale yellow oil (O.013g, 12%) (Found: 
C, 64.31; H, 8.70; N, 10.13%; MW, 281.1861. C15H2~203 requires C, 64.26; H, 
8.63; N, 9.99%; MH, 281.1865); OH (250MHz; CDCb) 0.91 (3H, m, CH2CH3), 
1.01 (6H, 2 x d, J 7, 7, (CH3hCH), 1.29 (3H, s, CH3), 1.37 (4H, m, (CH2)zCH3) 
1.77 (2H, m, CH2CHNH), 2.04 (lH, m, (CH3)2CH), 3.14 (2H, q, J 5 CH2), 4.26 
(lH, t, 17, CHNH), 5.79 (lH, br s, NH), 6.05 (lH, br s, OH); oe (lOOMHz; CDCb) 
14.25 (CH3), 22.64 (CH3), 22.73 (CH3), 23.04 (CH2)' 25.75 (CH), 26.69 (CH3), 
40.46 (CH2), 41.80 (CH2), 47.65 (CH2), 51.41 (CHNH), 71.01 (C), 112.41 (C), 
162.20 (C), 165.87 (C), 173.32 (C); mlz 281 (MH+), 266, 263, 251, 237, 223 (lOO), 
195,168,136,70,57,43. 
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3-(2-Hydroxy-2-methylhexyl)-6-(2-methylpropyl)-5,6-dihydro-4H-pyrrolo[3,4-
c ]isoxazol-4-one [150] 
OH 
-
o 
To 6-(2-methylpropyl)-3-methyl-5,6-dihydro-4H-pyrrolo[3,4-c]isoxazol-4-one 
(0.05g, 0.257mmol) in dry tetrahydofuran (lOml) under nitrogen at -78°C was 
added n-butyIIithium (2.5M in hexanes, 0.277ml, 0.566mmol, 2.2eq). The solution 
was allowed to stir at -78°C for Ih before the addition of 2-hexanone (0.057g, 
0.070ml, 0.566mmol, 2.2eq). The reaction was stirred at -78°C for a further 3h 
and then allowed to warm to room temperature (l7h). Saturated ammonium 
chloride solution (lOml) was added to the reaction and the organic layer was 
separated and washed with saturated sodium chloride solution (lOml), dried over 
magnesium sulfate, filtered and concentrated in vacuo to yield a green oil, which 
was purified by column chromatography on silica gel eluting with light 
petroleum/ethyl acetate (2: 1 v/v) to yield a pale green oil (O.Ol1g, 15%) (Found: C, 
65.37; H, 8.87; N, 9.68%; M+, 294.1949. C16H26N203 requires C, 65.28; H, 8.90; 
N, 9.52%; M, 294.1943); OH (250MHz; CDCh) 0.90 (3H, m, CH2CH3), 1.03 (6H, 2 
x d, J 7, 7, (CH3)CH), 1.31 (3H, s, CH3), 1.33 (4H, m, CH2CH2CH3), 1.38 (2H, m, 
CH2(CH2)2CH3), 1.77 (2H, m, CH2CHNH), 1.99 (lH, m, (CH3hCH), 3.12 (2H, q, J 
5, CH2), 4.78 (lH, t, J 5, CHNH), 5.28 (lH, br s, NH), 6.86 (lH, br s, OH); Oc 
(lOOMHz; CDCh) 14.04 (CH3), 22.40 (CH3), 22.49 (CH3), 23.13 (CH2), 25.28 
(CH), 26.16 (Cfh), 26.48 (CH3), 40.34 (CH2), 41.78 (CH2), 47.55 (CH2), 51.59 
(CHNH), 70.65 (C), 112.35 (C), 162.36 (C), 165.65 (C), 173.47 (C); mlz 294 (M+, 
3%),279,264,252,237,209,194(100),179,151, 110,97,86,70,57,43 . 
. 154 
3-(2-Hydroxy-2-rnethylheptyl)-6-(2-rnethylpropyl)-5,6-dihydro-4H-
pyrrolo[3,4-c ]isoxazol-4-one [151] 
-
To 6-(2-methylpropyl)-3-methyl-5,6-dihydro-4H-pyrrolo[3,4-c]isoxazol-4-one 
(0.05g, 0.257mmol) in dry tetrahydrofuran (lOml) under nitrogen at -78°C was 
added n-butyllithium (2.5M in hexanes, 0.277ml, 0.566mmol, 2.2eq). The solution 
was allowed to stir at -78°C for Ih before the addition of 2-heptanone (0.065g, 
0.079ml, 0.566mmol, 2.2eq). The reaction was stirred at -78°C for a further 2h 
and then allowed to warm to room temperature (l7h). Saturated ammonium 
chloride solution (IOml) was added to the reaction, and the organic layer was 
separated and washed with saturated sodium chloride solution (IOml), dried over 
magnesium sulfate, filtered and concentrated in vacuo to yield a green oil, which 
was purified by column chromatography on silica gel eluting with light 
petroleum/ethyl acetate (2: 1 v/v) to yield a pale green oil (0.016g, 21 %) (Found: C, 
66.28; H, 9.29; N, 9.14%; M+, 308.2100. C17H2sN203 requires C, 66.20; H, 9.15; 
N, 9.08%; M, 308.2102); OH (250MHz; CDCi) 0.91 (3H, rn, CH2CH3), 1.02 (6H, 2 
x d, J 7,7, (CH3hCH), 1.30 (3H, s, CH3), 1.34 (6H, m, (CH2)3CH3), 1.39 (2H, m, 
CH2(CH2hCH3), 1.79 (2H, m, CH2CHNH), 2.01 (lH, m, (CH3)2CH), 3.12 (3H, q, J 
5, CH2), 4.22 (lH, t, J 5, CH2CHNH), 5.47 (lH, br s, NH), 6.47 (lH, br s, OH); Oc 
(lOOMHz; CDCh) 14.13 (CH3), 22.32 (CH3), 22.53 (CH3), 23.18 (CH2), 25.07 
(CH), 26.28 (CH2), 26.72 (CH3), 40.45 (CH2), 41.86 (CH2), 42.31 (CH2), 47.39 
(CH2), 51.52 (CHNH), 70.51 (C), 112.23 (C), 162.19 (C), 165.68 (C), 173.44 (C); 
mlz 308 (M+, 6%), 293, 278, 265, 251, 223, 194 (100), 179, 151, 110,97,86,70, 
57,43. 
155 
3-(2-Hydroxy-2-methyloctyl)-6-(2-methylpropyl)-5,6-dihydro-4H-pyrrolo[3,4-
c ]isoxazol-4-one [152] 
-
o 
To 6-(2-methylpropyl)-3-methyl-5,6-dihydro-4H-pyrrolo[3,4-c]isoxazol-4-one 
(0.05g, 0.257mmol) in dry tetrahydrofuran (lOml) under nitrogen at -78°C was 
added n-butyllithium (2.5M in hexanes, 0.277ml, 0.566mmol, 2.2eq). The solution 
was allowed to stir at -78°C for Ih before the addition of 2-octanone (0.566mmol, 
2.2eq). The reaction was stirred at -78°C for a further 3h and then allowed to 
warm to room temperature (l7h). Saturated ammonium chloride solution (lOml) 
was added to the reaction and the organic layer was separated and washed with 
saturated sodium chloride solution (lOml), dried over magnesium sulfate, filtered 
and concentrated in vacuo to yield a green/yellow oil, which was purified by 
column chromatography on silica gel eluting with light petroleum/ethyl acetate (2: 1 
v/v) to yield a pale green oil (0.023g, 28%) (Found: C, 67.11; H, 9.46; N, 8.77%; 
M+, 322.2260. C1sH30N203 requires C, 67.05; H, 9.38; N, 8.69%; M, 322.2260); OH 
(250MHz; CDCh) 0.91 (3H, m, CH2CH3), 0.98 (6H, 2 x d, J 6, 6, (CH3h), 1.30 
(3H, s, CH3), 1.35 (lOH, m, (CH2)sCH3), 1.77 (2H, m, CH2CHNH), 2.03 (lH, m, 
(CH3hCH), 3.13 (2H, q, J 5, CH2), 4.23 (lH, t, J 7, CH2CHNH), 5.66 (lH, br s 
NH), 6.12 (lH, br s, OH); oe (lOOMHz; CDCh) 14.24 (Oh), 22.41 (CH3),22.52 
(CH3), 23.52 (CH2), 25.17 (CH), 26.35 (CH2), 26.32 (CH3), 40.67 (CH2), 41.79 
(CH2), 42.34 (CH2), 48.13 (CH2), 51.62 (CHNH), 70.13 (C), 112.11 (C), 162.40 
(C), 165.54 (C), 173.83 (C); mlz 322 (M+, 4%) 307, 292, 279, 265, 235, 209, 194 
(100), 179, 151, 110,97,86,70,57,43. 
156 
3-(2-Hydroxy-2-methylnonyl)-6-(2-methylpropyl)-5,6-dihydro-4H-pyrrolo[3,4-
c ]isoxazol-4-one [153] 
OH 
-
o o 
To 6-(2-methylpropyl)-3-methyl-5,6-dihydro-4H-pyrrolo[3,4-c ]isoxazol-4-one 
(0.05g, 0.257mmol) in dry tetrahydrofuran (lOml) under nitrogen at _78°C was 
added n-butyllithium (2.5M in hexanes, 0.277ml, 0.566mmol, 2.2eq). The solution 
was allowed to stir at -78°C for Ih before the addition of 2-nonanone (0.081g, 
0.098ml, 0.566mmol, 2.2eq). The reaction was stirred at -78°C for a further 3h 
and then allowed to warm to room temperature (17h). Saturated ammonium 
chloride solution (lDml) was added to the reaction and the organic layer was 
separated and washed with saturated sodium chloride solution (10ml), dried over 
magnesium sulfate, filtered and concentrated in vacuo to yield a green oil, which 
was purified by column chromatography on silica gel eluting with light 
petroleum/ethyl acetate (2:1 v/v) to yield a green oil (0.21g, 25%) (Found: C, 
67.91; H, 9.66; N, 8.42%; M+, 336.2418. C19H32N204 requires C, 67.82; H, 9.59; 
N, 8.33%; M, 336.2413); OH (250MHz; CDCh) 0.90 (3H, m, CH2CH3), 1.02 (6H, 2 
x d, J 7,7, (CH3)zCH), 1.31 (3H, s, CH3), 1.36 (l2H, m, (CH2)6CH3), 1.72 (2H, m, 
CH2CHNH), 1.98 (IH, m, (CH3hCH) 3.12 (2H, q, J 5, CH2), 4.75 (lH, t, J 7, 
CHNH), 5.34 (!H, br s, NH); Oc (100MHz; CDCh) 14.01 (el-h), 22.38 (el-h), 
22.48 Cel-h), 23.61 (Clh), 25.48 (CH), 26.11 (CH2), 26.43 (CH3), 40.56 (CH2), 
41.84 (CH2), 42.37 (CH2), 48.11 (CH2), 51.60 (CHNH), 70.67 (C), 112.37 (C), 
162.39 (C), 166.02 (C), 173.50 (C); mlz 336 CM+, 2%),321,306,293,279,251, 
237,223,194 (lOO), 179, llD, 97, 86, 69, 57, 43. 
157 
2-(I-Hydroxyprop-2-enyl)-1,2,3,4-tetrahydronaphthalen-I-one [155] 
o o OH 
• 
To a solution of diisopropylamine (3.34g, 33mmol, 1.leq) dissolved in dry 
tetrahydrofuran (50ml) was added n-butyllithium (2.5M in hexanes, 13.20ml, 
33mmol, 1.leq) at -78°C and then stirred for 1h under nitrogen. a-Tetralone 
(4.39g, 30mmol) dissolved in dry tetrahydrofuran (30ml) was added dropwise to 
the lithium diisopropylamine solution (LDA) at -78°C and stirred for 1h. Freshly 
distilled acrolein (1.85g, 33mmol, 1.leq) was added using a dropping funnel over 
15mins at -78°C, and when the addition of the acrolein was complete water 
(lOml) was added at -78°C and then the reaction mixture was neutralised using 
6M hydrochloric acid. The colour of the solution changed from pale yellow to 
green-yellow. The majority of the tetrahydrofuran was removed in vacuo and the 
residue was extracted with ethyl acetate (3 x 30ml). The organic extracts were 
combined and washed with 2M hydrochloric acid (30ml), saturated sodium 
bicarbonate solution (30ml), and saturated sodium chloride solution (30m!) and 
dried over magnesium sulfate, filtered and concentrated in vacuo to yield a light 
green oil. This was purified using column chromatography eluting with light 
petroleum/ethyl acetate (7:1 v/v) to yield a colourless oil (6.25g, 95%) (Found 
MW, 203.lO72. C13H140 2 requires MH, 203.lO72); IiH (250MHz; CDCI3) 1.82 
(lH, m, COCHCH), 2.21 (lH, m, COCHCH2), 2.59 (lH, m, COCH), 3.13 (2H, m, 
CHCH2CH2), 4.28 (lH, br s, OH), 4.50 (lH, t, J 7, COCH), 5.33 (2H, m, 
CH=CH2), 5.92 (lH, m, CH=CH2), 7.24 (2H, m, ArH), 7.49 (lH, m, ArH), 8.03 
(lH, m, ArH); lic (lOOMHz; CDCi)) 25.67 (CH2), 28.75 (CH2), 52.40 (CH), 72.29 
(CH), 117.30 (CH2), 126.67 (ArCH), 127.42 (ArCH), 128.73 (ArCH), 133.91 
(ArCH), 137.68 (CH), 143.50 (C), 144.33 (C), 201.57 (CO); m/z 203 (MH+, 97%), 
185, 146,129,91. 
158 
2-(I-Hydroxyprop-2-enyl)-1,2,3,4-tetrahydronapthalen-I-o1[156] 
OH OH OH 
• 
To a stirred suspension of lithium aluminium hydride (1.59g, 42mmol, 1.4eq) in 
ether (50ml) under nitrogen was added the 2-( l-hydroxyprop-2-enyl)-1 ,2,3,4-
tetrahydronaphthalen-l-one (6.05g, 30mmol) in ether (lOml) at O°C and then 
stirred for 15mins. The reaction mixture was then carefully quenched with a 
tetrahydrofuran:water solution (1:1 v/v, 20ml) at O°C, followed by the addition of 
sodium hydroxide solution (15%, 20ml). The mixture was then extracted using 
ethyl acetate (3 x 20ml) and the combined organic extracts were dried over 
magnesium sulfate, filtered and concentrated in vacuo. This residue was subject to 
purification using column chromatography eluting with light petroleum/ethyl 
acetate (4:1 v/v) to yield a light green oil (5.52g, 90%) (Found M+, 204.1152. 
CI3H1602 requires M, 204.1150); Vrnax (CHCb)/cm·1 3400,2932, 1678, 1598, 1287, 
744; OH (250MHz; CDCb) 1.86 (3H, m, CH2CH2CH), 2.83 (2H, m, CH2CH2CH), 
4.25 (IH, m, CHCH=CH2) 4.89 OH, m, CHOH) , 5.30 (2H, m, CH=CH2), 5.93 
(lH, m, CH=CH2), 7.22 (4H, m, ArH); mlz 204 (M+, 23%) 187, 147, 130,90. 
159 
4-Ethenyl-4a,5,6,10b-tetrahydro-4H-naphtho-[1,2-d][1,3]-dioxin-2-one [157] 
OH OH 
• 
To a solution of the 2-(I-hydroxyprop-2-enyl)-1,2,3,4-tetrahydronapthalen-l-01 
(4.08g, 20mmol) and triethylamine (l6.80g, 23.14ml, 166mmol, 8.3eq) in dry 
dichloromethane (50ml) was added methyl chloroformate (l2.47g, 10.20ml, 
132mmol, 6.6eq) at O°C. The mixture was stirred at room temperature for 24h, 
after which the majority of the dichloromethane was removed in vacuo. To the 
reaction mixture was added 2M hydrochloric acid (30ml) and the reaction mixture 
was extracted with ethyl acetate (2 x 30ml). The combined organic extracts were 
washed using saturated sodium chloride solution then dried over magnesium 
sulfate, filtered and concentrated in vacuo to yield an off-white solid. This was 
purified using column chromatography eluting with light petroleum/ethyl acetate 
(5:1 v/v) to yield a white solid (2.43g, 53%) as a diastereomeric mixture, m.p. 152-
154°C (Found MH+, 231.1016. C14H140 3 requires MH, 231.1021); OH (250MHz; 
CDCh) 2.12 (2H, m, CH2CH2CH), 2.92 (3H, m, CH2CH2CH), 4.77 (lH, m, 
CHCH=CH2), 5.36 (lH, m, CHCO) 5.48 (2H, m, CH=CH2), 5.92 (!H, m, 
CH=CH2), 7.40 (4H, m, ArH); mJz 231 (MH+), 185, 169 (100), 154, 137, 102. 
160 
2-(Hexa-3,5-dienyl)benzaldehyde [158] 
4-Ethenyl-4a,S,6,10b-tetrahydro-4H-naphtho[I,2-d][1,3]dioxin-2-one (0.100g, 
0.43Smmol) in dry acetonitrile (Sml) was added to a nitrogen-purged flask 
containing [Pd2(dbah].CHCh (0.OS2g, O.OSmmol). After stirring for 48h at room 
temperature, the reaction mixture was diluted with diethyl ether (30ml) and filtered 
through a Celite® pad. The filtrate was washed with saturated sodium bicarbonate 
solution (lOml) filtered and dried over magnesium sulfate. The solvent was 
removed in vacuo to yield a light yellow oil that was purified by column 
chromatography eluting with light petroleum/ethyl acetate (10: 1 v/v) to yield a 
light yellow oil (0.049g, 61%) (Found M+, 186.1044. C13H140 requires M, 
186.104S); OH (2S0MHz; CDCh) 2.39 (2H, m, CH2CH2Ar), 3.11 (2H, m, 
CH2CH2Ar), S.07 (2H, m, CH=CH2), S.74 (IH, m, CH2CH), 6.06 (lH, m, 
CH2CHCH), 6.29 (lH, m, CH=CH2), 7.61 (4H, m, ArH), 10.22 (IH, s, CHO). 
161 
3-{2-[2-(Hexa-3,5-dienyl)phenyl]ethenyl}-6-(2-methylpropyl)-5,6-dihydro-4H-
pyrrolo[3,4-c ]isoxazol-4-one [159] 
o 
A solution of 6-(2-methylpropyl)-3-methyl-S,6-dihydro-4H-pyrrolo[3,4-c]isoxazol-
4-one (O.OSg, O.2S7mmol) in ethanol (4ml) was added gradually to a solution of 
potassium hydroxide (O.032g, O.S67mmol, 2.2eq) in water (lOml) at O°C over 
ISmin. 2-(Hexa-3,S-dienyl)benzaldehyde (O.OS8g, O.309mmol, 1.2eq) was then 
added in one portion and the reaction was stirred at O°C for a further ISmin. The 
reaction mixture was then allowed to warm to room temperature and stirred for 4h, 
after which it was placed in a refrigerator overnight. No precipitate was seen so the 
reaction mixture was left in the refrigerator for a further 24h. No solid material 
was seen and attempts to obtain the desired product resulted only in the recovery of 
the starting materials. 
162 
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Table 1. Crystal data and structure refinement for rcfj I. 
Identification code 
Chemical formula 
Formula weight 
Temperature 
Radiation, wavelength 
Crystal system, space group 
Unit cell parameters 
Cell volume 
Z 
Calculated density 
Absorption coefficient 11 
F(OOO) 
Crystal colour and size 
Reflections for cell refinement 
Data collection method 
8 range for data collection 
Index ranges 
Completeness to 8 = 22.50° 
Intensity decay 
Reflections collected 
Independent reflections 
Reflections with F'>20 
Absorption correction 
Min. and max. transmission 
Structure solution 
Refinement method 
Weighting parameters a, b 
Data 1 restraints 1 parameters 
Final R indices [F'>2o] 
R indices (all data) 
Goodness-of-fit on F2 
Extinction coefficient 
Largest and mean shiftlsu 
Largest diff. peak and hole 
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rcfj 1 
C17HI8N,O, 
282.33 
150(2) K 
MoKa, 0.71073 A 
monoclinic, I2/a 
a = 20.387(5) A 
b = 4.8159(12) A 
c = 31.224(8) A 
2956.1(13) A3 
8 
1.269 glcm3 
0.084 mm-1 
1200 
~= 105.361(4)° 
colourless, 0.75 x 0.07 x 0.01 mm3 
776 (8 range 2.71 to 26.44°) 
Bruker SMART 1000 CCD diffractometer 
(0 rotation with narrow frames 
2.07 to 22.50° 
h -21 to 21, k -5 to 5,1-33 to 33 
99.9% 
0% 
7905 
1926 (Rim = 0.1005) 
1089 
semi-empirical from equivalents 
0.940 and 0.999 
direct methods 
Full-matrix least-squares on F2 
0.0720,18.3815 
1926/0/193 
RI = 0.0819, wR2 = 0.1965 
RI = 0.1512, wR2 = 0.2442 
1.091 
0.0049(11) 
0.00 I and 0.000 
0.430 and -0.288 e k 3 
Table 2. Atomic coordinates and equi valent isotropic displacement parameters (A 2) 
for rcfj I. Ueq is defined as one third of the trace of the orthogonalized U'J tensor. 
x y Z Ueq 
0(1) 0.0155(2) 0.4340(9) 0.05996(14) 0.0329(12) 
C(I) -0.0312(3) 0.2693(14) 0.0447(2) 0.0312(16) 
N(I) -0.0629(2) 0.2303(11) 0.00081(17) 0.0365(14) 
C(2) -0.1144(3) 0.0051(15) -0.0094(2) 0.0366(18) 
C(3) -0.1111(3) -0.0877(15) 0.0372(2) 0.0336(17) 
C(4) -0.0617(3) 0.0652(13) 0.0685(2) 0.0299(16) 
N(2) -0.1416(3) -0.2787(13) 0.05373(18) 0.0440(16) 
0(2) -0.1085(2) -0.2594(10) 0.10101(14) 0.0430(13) 
C(5) -0.0604(3) -0.0539(14) 0.1081(2) 0.0315(16) 
C(6) -0.0199(3) -0.0209(15) 0.1528(2) 0.0381(18) 
C(7) 0.0280(3) 0.1741(14) 0.1640(2) 0.0381(18) 
C(8) 0.0756(3) 0.2183(16) 0.2077(2) 0.0398(18) 
C(9) 0.0715(4) 0.0655(18) 0.2449(2) 0.053(2) 
C(lO) 0.1194(4) 0.104(2) 0.2854(2) 0.065(3) 
C(II) 0.1690(5) 0.292(2) 0.2896(3) 0.073(3) 
C(l2) 0.1728(5) 0.451(2) 0.2533(3) 0.096(4) 
C(13) 0.1255(4) 0.4083(19) 0.2125(3) 0.067(3) 
C(14) -0.1835(3) 0.1071(15) -0.0354(2) 0.0415(19) 
C(l5) -0.1860(3) 0.2220(15) -0.0821(2) 0.0385(18) 
C(16) -0.2576(3) 0.3022(16) -0.1052(2) 0.051(2) 
C(17) -0.1591(4) 0.0251(17) -0.1109(2) 0.056(2) 
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Table 3. Bond lengths [A] and angles [0] for rcfj 1. 
O(1)-C(1) 
C(1)-C(4) 
C(2)-C(3) 
C(3)-N(2) 
C(4)-C(5) 
O(2)-C(5) 
C(6)-C(7) 
C(8)-C(13) 
C(9)-C(10) 
C(11)-C(12) 
C(14)-C(15) 
C(15)-C(17) 
O(I)-C(I)-N(I) 
N(I)-C(I)-C(4) 
N(I)-C(2)-C(3) 
C(3)-C(2)-C(14) 
N(2)-C(3)-C(2) 
C(5)-C(4)-C(3) 
C(3 )-C( 4 )-C(l) 
C(5)-O(2)-N(2) 
C(4)-C(5)-C(6) 
C(7)-C(6)-C(5) 
CC 13)-C(8)-C(9) 
C(9)-C(8)-C(7) 
CCII)-C(10)-C(9) 
CCll)-C(12)-C(!3) 
C(2)-C(14)-C(15) 
CCI6)-C(15)-C(14) 
1.234(7) 
1.468(9) 
1.506(9) 
1.292(8) 
1.355(8) 
1.370(7) 
1.333(9) 
1.348(10) 
1.391(10) 
1.383(13) 
1.550(9) 
1.506(9) 
126.1(6) 
105.4(6) 
99.3(5) 
114.3(5) 
134.0(6) 
104.4(5) 
108.6(5) 
109.2(5) 
135.2(6) 
121.8(6) 
118.4(7) 
121.9(7) 
120.6(9) 
119.5(9) 
114.5(5) 
109.2(5) 
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C(1)-N(1) 
N(l)-C(2) 
C(2)-C(l4) 
C(3)-C(4) 
N(2)-O(2) 
C(5)-C(6) 
C(7)-C(8) 
C(8)-C(9) 
C(1 O)-C(ll) 
C(12)-C(13) 
C(15)-C(16) 
1.363(8) 
1.485(8) 
1.509(9) 
1.412(8) 
1.455(7) 
1.431(9) 
1.465(9) 
1.397(10) 
1.339(12) 
1.395(11) 
1.498(9) 
O(I)-C(I)-CC4) 128.4(6) 
C(I)-N(I)-C(2) 115.9(5) 
N(I)-C(2)-C(14) 112.6(6) 
N(2)-C(3)-C(4) 115.1(6) 
C(4)-C(3)-C(2) 110.8(5) 
C(5)-C(4)-C(l) 146.8(6) 
C(3)-N(2)-O(2) 102.5(5) 
C(4)-C(5)-O(2) 108.6(6) 
O(2)-C(5)-C(6) 116.1(6) 
C(6)-C(7)-C(8) 127.1(7) 
C(13)-C(8)-C(7) 119.7(7) 
C( 1O)-C(9)-C(8) 120.2(8) 
C(10)-C(II)-C(l2) 119.9(8) 
C(8)-C(13)-C(12) 121.3(9) 
C(16)-C(15)-C(17) 109.7(6) 
C(17)-C(15)-C(14) 114.3(6) 
Table 4. Anisotropic displacement parameters (A 2) for rcfj 1. The anisotropic 
displacement factor exponent takes the form: _21t2[h2a*2VII + ... + 2hka*b*V12] 
Vll V" V33 V23 V13 V12 
O(l) 0.030(2) 0.030(3) 0.037(3) 0.002(2) 0.007(2) -0.008(2) 
C(l) 0.035(4) 0.031(4) 0.028(4) 0.003(3) 0.008(3) 0.006(4) 
N(I) 0.037(3) 0.039(4) 0.033(3) 0.006(3) 0.010(3) -0.009(3) 
C(2) 0.033(4) 0.039(4) 0.039(4) -0.001(3) 0.01 1(3) -0.005(3) 
C(3) 0.036(4) 0.038(4) 0.029(4) 0.005(3) 0.012(3) -0.006(4) 
C(4) 0.033(4) 0.030(4) 0.029(4) 0.005(3) 0.011(3) 0.000(3) 
N(2) 0.047(3) 0.047(4) 0.039(4) 0.003(3) 0.015(3) -0.009(3) 
0(2) 0.052(3) 0.046(3) 0.033(3) 0.006(2) 0.015(2) -0.011(3) 
C(5) 0.033(4) 0.029(4) 0.038(4) -0.003(3) 0.019(3) -0.002(3) 
C(6) 0.042(4) 0.044(5) 0.034(4) 0.005(3) 0.020(3) 0.006(4) 
C(7) 0.041(4) 0.040(5) 0.035(4) 0.003(3) 0.014(3) 0.003(4) 
C(8) 0.043(4) 0.046(5) 0.031(4) -0.007(4) 0.010(3) 0.012(4) 
C(9) 0.048(5) 0.080(6) 0.032(4) 0.005(4) 0.009(4) 0.002(4) 
C(lO) 0.061(5) 0.100(8) 0.033(5) -0.002(5) 0.012(4) 0.023(6) 
C(ll) 0.073(6) 0.079(7) 0.056(6) -0.022(6) -0.005(5) 0.014(6) 
C(l2) 0.111(8) 0.076(7) 0.075(7) -0.004(6) -0.021(6) -0.035(7) 
C(13) 0.073(6) 0.068(6) 0.050(5) 0.004(5) -0.002(4) -0.020(5) 
C(l4) 0.035(4) 0.044(5) 0.047(4) 0.002(4) 0.013(3) -0.007(4) 
C(l5) 0.038(4) 0.040(4) 0.035(4) 0.006(4) 0.006(3) 0.003(4) 
C(16) 0.047(5) 0.052(5) 0.053(5) -0.007(4) 0.011(4) 0.010(4) 
C(17) 0.055(5) 0.067(6) 0.052(5) 0.012(4) 0.023(4) 0.021(4) 
Table 5. Hydrogen coordinates and isotropic displacement parameters (A 2) for rcfj I. 
x y z V 
H(I) -0.0533 0.3323 -0.0201 0.044 
H(2) -0.0987 -0.1477 -0.0260 0.044 
H(6) -0.0274 -0.1411 0.1752 0.046 
H(7) 0.0318 0.2980 0.1411 0.046 
H(9) 0.0358 -0.0653 0.2426 0.064 
H(IO) 0.1170 -0.0044 0.3104 0.078 
H(l1) 0.2015 0.3174 0.3174 0.088 
H(12) 0.2073 0.5874 0.2563 0.115 
H(13) 0.1286 0.5153 0.1875 0.081 
H(14A) -0.1985 0.2550 -0.0180 0.050 
H(14B) -0.2163 -0.0480 -0.0387 0.050 
H(l5) -0.1575 0.3941 -0.0781 0.046 
H(16A) -0.2588 0.3876 -0.1339 0.077 
H(16B) -0.2743 0.4351 -0.0868 0.077 
H(16C) -0.2865 0.1363 -0.1100 0.077 
H(17A) -0.1836 -0.1517 -0.1133 0.085 
H(17B) -0.1105 -0.0069 -0.0976 0.085 
H(17C) -0.1657 0.1059 -0.1406 0.085 
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Table 6. Hydrogen bonds for rcfj 1 [A and 0]. 
D-H .. .A d(D-H) 
N(I)-H(l) ... O(l') 0.88 
Symmetry operations for equivalent atoms 
, -x,-y+I.-z 
d(H ... A) 
1.98 
174 
d(D ... A) «DHA) 
2.849(6) 169.8 
RCFJ2 
r,; 
o 
Data collected at 150 K using a Bruker SMART 1000 diffractometer. The structure was 
solved by direct methods and refined by full-matrix least-squares on F2 using the 
SHELXTL suite of programsref• All non-hydrogen atoms were refined with anisotropic 
atomic displacement factors and hydrogen atoms were inserted at calculated positions. The 
data collection and refinement parameters are summarised in Table 1. 
There is an intramolecular hydrogen-bond linking NI and 02 (N ... O 2.8773(15) A). 
Ref: G. M. Sheldrick, SHELXTL version 5.1, Bruker-AXS, Madison WI, 1998. 
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Table I. Crystal data and structure refinement for rcfj2m. 
Identification code 
Empirical formula 
Formula weight 
Temperature 
Wavelength 
Crystal system 
Space group 
Unit cell dimensions 
Volume 
Z 
Density (calculated) 
Absorption coefficient 
F(OOO) 
Crystal size 
Theta range for data collection 
Index ranges 
Reflections collected 
Independent reflections 
Completeness to theta = 2S.00° 
Absorption correction 
Refinement method 
Data 1 restraints 1 parameters 
Goodness-of-fit on F2 
Final R indices [I>2sigma(I)] 
R indices (all data) 
Absolute structure parameter 
Largest diff. peak and hole 
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rcfj2m 
CI8 H30N2 OS 
3S4.44 
ISO(2) K 
0.71073 A 
Orthorhombic 
P2(1)2(1)2(1) 
a = 8.1263(8) A 
b = 12.8904(13) A 
c = 20.037(2) A 
2098.9(4) A3 
4 
1.122 Mg/m3 
0.081 mm-I 
768 
0.S9 x 0.21 x 0.17 mm3 
1.88 to 2S.OO°. 
-9<=h<=9, -IS<=k<=IS, -23<=k=23 
IS071 
3693 [R(int) = 0.0334] 
100.0% 
None 
Full-matrix least-squares on F2 
3693/0/226 
1.0S7 
RI = 0.0299, wR2 = 0.0803 
RI = 0.0336, wR2 = 0.0827 
0.2(8) 
0.124 and -0.167 e.A-3 
Table 2. Atomic coordinates (x 104) and equivalent isotropic displacement parameters 
(A2x 103) for rcfj2m. U(eq) is defined as one third of the trace of the orthogonalized uij 
tensor. 
x y z U(eq) 
C(1) 3632(3) 2508(2) 11894(1) 60(1) 
C(2) 3287(2) 1609(1) 10798(1) 54(1) 
C(3) 1134(2) 2878(1) 11208(1) 51(1) 
C(4) 2935(2) 2582(1) 11194(1) 40(1) 
0(1) 3904(1) 3454(1) 10908(1) 35(1) 
C(5) 3686(2) 3763(1) 10281(1) 31(1) 
0(2) 2688(1) 3411(1) 9892(1) 39(1) 
C(6) 4829(2) 4611(1) 10114(1) 32(1) 
C(7) 6252(2) 4864(1) 10434(1) 39(1) 
C(8) 7124(2) 4472(2) 11037(1) 54(1) 
0(3) 7007(1) 5633(1) 10102(1) 47(1) 
N(2) 6041(2) 5915(1) 9540(1) 43(1) 
C(9) 4765(2) 5301(1) 9554(1) 33(1) 
C(10) 3454(2) 5432(1) 9026(1) 35(1) 
C(11) 1811(2) 5798(1) 9321(1) 40(1) 
C(12) 2038(3) 6802(2) 9713(1) 62(1) 
C(13) 532(2) 5945(2) 8774(1) 55(1) 
N(I) 3299(2) 4469(1) 8652(1) 36(1) 
C(14) 3373(2) 4432(1) 7978(1) 37(1) 
0(4) 3592(2) 5168(1) 7615(1) 52(1) 
0(5) 3166(1) 3434(1) 7786(1) 39(1) 
C(15) 3170(2) 3142(1) 7072(1) 45(1) 
C(16) 4799(2) 3427(2) 6755(1) 72(1) 
C(17) 1705(2) 3653(2) 6728(1) 56(1) 
C(18) 2975(2) 1975(2) 7107(1) 54(1) 
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Table 3. Bond lengths [A] and angles [0] for rcfj2m. 
C(1)-C(4) 1.516(2) C(9)-C(1O) 1.510(2) 
C(2)-C(4) 1.511(2) C(IO)-N(1) 1.4552(18) 
C(3)-C(4) 1.513(2) C(IO)-C(II) 1.535(2) 
C(4)-O(I) 1.4870(17) C(11)-C(13) 1.523(2) 
O(I)-C(5) 1.3288(16) C( 11 )-C( 12) 1.524(2) 
C(5)-O(2) 1.2132(16) N(l)-C(l4) 1.3518(18) 
C(5)-C(6) 1.474(2) C(14)-O(14) 1.2083(18) 
C(6)-C(7) 1.362(2) C(14)-O(5) 1.3537(18) 
C(6)-C(9) 1.434(2) O(5)-C(15) 1.4798(17) 
C(7)-O(3) 1.3422(18) C(l5)-C(16) 1.514(2) 
C(7)-C(S) 1.488(2) C(15)-C(18) 1.514(3) 
O(3)-N(2) 1.4184(17) C(15)-C(17) 1.525(2) 
N(2)-C(9) 1.3051(19) 
O(l)-C(4)-C(3) 109.18(12) C(6)-C(9)-C-(IO) 130.04(13) 
C(2)-C(4)-C(3) 113.72(14) N(1)-C(IO)-C(9) 109.04(11) 
O( I )-C( 4 )-C( I) 101.92(12) N(1)-C(IO)-C(II) 112.69(12) 
C(2)-C(4)-C(1) 111.31(14) C(9)-C(10)-C(11) 112.26(11) 
C(3)-C(4)-C(1) 111.08(15) C( 13 )-C( II )-C(l2) 110.36(14) 
C(5)-O(I)-C(4) 121.36(11) C(13)-C(ll)-C(lO) 110.77(12) 
O(2)-C(5)-O(1) 125.77(13) C(12)-C(ll)-C(lO) 110.74(14) 
O(2)-C(5)-C(6) 123.5S(12) C(14)-N(I)-C(IO) 122.73(12) 
O(I)-C(5)-C(6) 110.64(11) O(4)-C(14)-N(I) 125.45(14) 
C(7)-C( 6)-C(9) 104.53(12) O(4)-C(14)-O(5) 126.34(13) 
C(7)-C(6)-C(5) 127.36(13) N(1)-C(14)-O(5) IOS.2I(12) 
C(9)-C(6)-C(5) 127.95(12) C(14)-O(5)-C(15) 121.15(12) 
O(3)-C(7)-C(6) 109.34(13) O( 5)-C( 15)-C( 16) 110.24(13) 
O(3)-C(7)-C(8) 115.87(13) O(5)-C(15)-C(IS) 101.98(13) 
C(6)-C(7)-C(8) 134.77(14) C(16)-C(15)-C(IS) 110.64(16) 
C(7)-O(3)-N(2) 109.27(11) O(5)-C(15)-C(17) 108.95(13) 
C(9)-N(2)-O(3) 105.55(11) C(16)-C(15)-C(17) 112.S6(16) 
N(2)-C(9)-C(6) 111.29(13) C(IS)-C(15)-C(17) 111.63(14) 
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Table 4. Anisotropic displacement parameters (A2x 103) for rcfj2m. The anisotropic 
displacement factor exponent takes the form: -21t2( h2 a*2U II + ... + 2 h k a* b* U12] 
U11 U22 U33 U23 U13 UI2 
C(I) 68(1) 70(1) 41(1) 20(1) -10(1) -18(1) 
C(2) 62(1) 37(1) 63(1) 8(1) -4(1) -5(1) 
C(3) 45(1) 63(1) 47(1) 8(1) 5(1) -8(1) 
C(4) 41(1) 41(1) 37(1) 9(1) -5(1) -9(1) 
0(1) 38(1) 38(1) 29(1) 4(1) -6(1) -8(1) 
C(5) 31(1) 33(1) 29(1) -2(1) -2(1) 1(1) 
0(2) 41(1) 43(1) 32(1) 3(1) -8(1) -10(1) 
C(6) 33(1) 32(1) 30(1) -3(1) 0(1) -1(1) 
C(7) 40(1) 37(1) 40(1) -3(1) -3(1) -7(1) 
C(8) 44(1) 65(1) 52(1) 5(1) -19(1) -11(1) 
0(3) 45(1) 47(1) 48(1) 1(1) -8(1) -17(1) 
N(2) 47(1) 41(1) 42(1) 1(1) -2(1) -10(1) 
C(9) 39(1) 28(1) 32(1) -4(1) 2(1) -2(1) 
C(10) 45(1) 30(1) 30(1) 1(1) -1(1) -1(1) 
C(1I) 45(1) 38(1) 38(1) 5(1) 4(1) 6(1) 
C(12) 78(1) 52(1) 56(1) -12(1) 6(1) 18(1) 
C(13) 51(1) 60(1) 55(1) 12(1) -4(1) 10(1) 
N(1) 50(1) 32(1) 26(1) 0(1) -2(1) -1(1) 
C(14) 37(1) 44(1) 30(1) 1(1) -1(1) -2(1) 
0(4) 7l(1) 52(1) 31(1) 7(1) 0(1) -14(1) 
0(5) 49(1) 43(1) 26(1) -7(1) -3(1) -2(1) 
C(15) 42(1) 68(1) 26(1) -13( I) 0(1) -4(1) 
C(16) 56(1) 109(2) 49(1) -26(1) 17(1) -20(1) 
C(17) 58(1) 75(1) 34(1) 1(1) -7(1) -6(1) 
C(18) 51(1) 66(1) 44(1) -24(1) -6(1) 6(1) 
179 
Table 5.Hydrogen coordinates ( x 104) and isotropic displacement parameters (A2x 10 3) 
for rcfj2m. 
x y z U(eq) 
H(IA) 4797 2315 11871 90 
H(IB) 3027 1981 12146 90 
H(IC) 3524 3181 12117 90 
H(2A) 4470 1463 10808 81 
H(2B) 2932 1708 10335 81 
H(2C) 2686 1024 10994 81 
H(3A) 993 3511 11473 77 
H(3B) 495 2314 11410 77 
H(3C) 747 3001 10752 77 
H(8A) 8148 4862 11099 80 
H(8B) 7378 3734 10978 80 
H(8C) 6419 4562 11429 80 
H(IO) 3841 5979 8709 42 
H(l1) 1403 5253 9635 48 
H(12A) 2854 6694 10066 92 
H(12B) 986 7008 9912 92 
H(12C) 2421 7350 9411 92 
H(13A) 393 5293 8528 83 
H(13B) 899 6489 8467 83 
H(13C) -520 6147 8975 83 
H(1) 3151 3887 8873 43 
H(16A) 4904 4184 6737 107 
H(16B) 4846 3145 6301 107 
H(16C) 5701 3137 7020 107 
H(17A) 686 3442 6952 83 
H(17B) 1667 3436 6260 83 
H(17C) 1819 4409 6752 83 
H(18A) 1920 1805 7317 81 
H(18B) 3874 1679 7372 81 
H(18C) 3005 1684 6655 81 
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Table 6. Torsion angles [0] for rcfj2m. 
C(2)·C( 4)-O(1)-C(5) 61.04(17) C(11)-C(IO)-N(1)-C(14) 106.89(15) 
C(3)-C( 4)-O(1)-C(5) -63.69(17) C( 1 O)-N( 1 )-C( 14 )-O( 4) 1.0(2) 
C( 1 )-C( 4)-O(1)-C(5) 178.76(13) C(IO)-N(1)-C( 14)-0(5) -179.22(12) 
C(4)-O(1)-C(5)-0(2) 2.2(2) 0(4)-C(14)-0(5)-C(15) -0.9(2) 
C( 4)-0(1 )-C(5)-C(6) -178.06( 11) N( 1 )-C( 14 )-0(5)-C(15) 179.40(12) 
0(2)-C(5)-C(6)-C(7) -160.51(15) C( 14 )-0(5)-C( 15)-C( 16) 60.2(2) 
O( 1)-C(5)-C(6)-C(7) 19.8(2) C(14)-0(5)-C( 15)-C(IS) 177.78(13) 
0(2)-C(5)-C(6)-C(9) 14.3(2) C(14)-0(5)-C(15)-C( 17) -64.11(18) 
O(1)-C(5)-C(6)-C(9) -165.43(13) 
C(9)-C(6)-C(7)-0(3) -0.42(16) 
C(5)-C( 6)-C(7)-0(3) 175.33(13) 
C(9)-C( 6)-C(7)-C(S) -17S.79(1S) 
C(5)-C(6)-C(7)-C(S) -3.0(3) 
C(6)-C(7)-0(3)-N(2) 0.74(16) 
C(S)-C(7)-0(3)-N(2) 179.46(13) 
C(7)-0(3)-N(2)-C(9) -0.76(16) 
0(3)-N(2)-C(9)-C(6) 0.50(16) 
0(3)-N(2)-C(9)-C(10) 177.96(12) 
C(7)-C(6)-C(9)-N(2) -0.07(16) 
C(5)-C(6)-C(9)-N(2) -175.79(13) 
C(7)-C( 6)-C(9)·C( 10) -177.16(14) 
C(5)-C( 6)-C(9)-C( 10) 7.1(2) 
N(2)-C(9)-C(IO)-N( I) 120.36(14) 
C(6)-C(9)-C(IO)-N( I) -62.73(19) 
N(2)-C(9)-C(IO)-C(II) -114.03(15) 
C(6)-C(9)-C(1O)-C(11) 62.S7(19) 
N(I)-C(IO)-C(II)-C(13) -57.69(16) 
C(9)-C( 1O)-C(II)-C(13) 178.73(13) 
N(I)-C(IO)-C(II)-C(12) 179.52(13) 
C(9)-C( 1O)-C(II)-C(12) 55.94(17) 
C(9)-C( 10)-N(l)-C(14) -127.75(14) 
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Table 7. Hydrogen bonds for rcfj2m [A and 0]. 
O-H ... A d(O-H) d(H ... A) d(O ... A) «OHA) 
N(1)-H(I) ... O(2) 0.88 2.16 2.8773(15) 137.8 
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RCFJ3 
C3A 
Data collected at 150 K using a Bruker SMART 1000 diffractometer. The structure 
was solved by direct methods and refined by full-matrix least-squares on F2 using 
the SHELXTL suite of programsref• All non-hydrogen atoms were refined with 
anisotropic atomic displacement factors and hydrogen atoms were inserted at 
calculated positions except for those on nitrogen which were located from 
difference maps and refined with fixed ADPs. The data collection and refinement 
parameters are summarised in Table 1. 
The asymmetric unit consists of a hydrogen-bonded dimer (Table 7). 
Ref: G. M. Sheldrick. SHELXTL version 5.1. Bruker-AXS. Madison WI. 1998. 
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Table I. Crystal data and structure refinement for rcfj3. 
Identification code 
Empirical formula 
Formula weight 
Temperature 
Wavelength 
Crystal system 
Space group 
Unit cell dimensions 
Volume 
Z 
Density (calculated) 
Absorption coefficient 
F(OOO) 
Crystal size 
Theta range for data collection 
Index ranges 
Reflections collected 
Independent reflections 
Completeness to theta = 28.82° 
Absorption correction 
Max. and min. transmission 
Refinement method 
Data / restraints / parameters 
Goodness-of-fit on F2 
Final R indices [1>2sigma(I)] 
R indices (all data) 
Absolute structure parameter 
Largest diff. peak and hole 
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rcfj3 
CIOHI4N202 
194.23 
150(2) K 
0.71073 A 
Monoclinic 
P2(1) 
a = 5.5616(5) A 
b = 10.6154(10) A 
c = 17.6735(16) A 
1032.94(16) A3 
4 
1.249 Mglm3 
0.088 mm-I 
416 
0.55 x 0.12 x 0.12 mrn3 
2.24 to 28.82°. 
-7<=h<=7, -13<=k<=13, -23<=1<=23 
8957 
4553 [R(int) = 0.0136] 
90.6% 
Multiscan 
1.00000 and 0.935913 
Full-matrix least-squares on F2 
4553/ I /259 
1.058 
RI = 0.0415, wR2 = 0.1210 
RI = 0.0451, wR2 = 0.1244 
-0.6(9) 
0.394 and -0.339 e.A-3 
Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters 
(A2x 103) for rcfj3. U(eq) is defined as one third of the trace of the orthogonalized Uij 
tensor. 
x y z U(eq) 
C(IA) 3758(3) 3599(2) 8847(1) 23(1) 
N(1A) 5738(3) 3599(1) 9337(1) 27(1) 
0(1 A) 6527(2) 2308(1) 9327(1) 29(1) 
C(2A) 4943(3) 1628(2) 8837(1) 25(1) 
C(3A) 5501(4) 273(2) 8759(1) 38(1) 
C(4A) 3140(3) 2409(2) 8524(1) 23(1) 
C(5A) 816(3) 2522(2) 8017(1) 23(1) 
0(2A) -357(2) 1694(1) 7638(1) 31(1) 
N(2A) 188(3) 3752(1) 8050(1) 25(1) 
C(6A) 1929(3) 4575(2) 8534(1) 23(1) 
C(7A) 786(3) 5312(2) 9135(1) 23(1) 
C(8A) -1043(3) 6323(2) 8800(1) 29(1) 
C(9A) -2388(4) 6824(2) 9428(1) 41(1) 
C(IOA) 192(4) 7388(2) 8435(1) 48(1) 
C(1B) -8183(3) 2570(2) 5839(1) 26(1) 
N(IB) -10235(3) 2521(2) 5376(1) 33(1) 
O(IB) -11298(2) 3729(1) 5492(1) 33(1) 
C(2B) -9828(3) 4407(2) 6018(1) 28(1) 
C(3B) -10660(4) 5678(2) 6203(1) 35(1) 
C(4B) -7828(3) 3701(2) 6253(1) 25(1) 
C(5B) -5515(3) 3602(2) 6779(1) 24(1) 
0(2B) -4558(2) 4394(1) 7236(1) 28(1) 
N(2B) -4648(3) 2438(2) 6656(1) 26(1) 
C(6B) -6068(3) 1692(2) 6041(1) 26(1) 
C(7B) -6757(3) 385(2) 6299(1) 28(1) 
C(8B) -4606(3) -511(2) 6522(1) 32(1) 
C(9B) -5555(5) -1762(2) 6789(2) 49(1) 
C(10B) -3158(4) -740(2) 5863(1) 44(1) 
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Table 3. Bond lengths [A] and angles [0] for rcfj3. 
C(IA)-N(1A) 1.301(2) C(1B)-N(IB) 1.30S(2) 
C(IA)-C(4A) 1.409(2) C(IB)-C(4B) 1.405(2) 
C(IA)-C(6A) 1.501(2) C(IB)-C(6B) 1.503(2) 
N(IA)-O(1A) 1.4401(19) N(1B)-O(1B) 1.439(2) 
0(1 A)-C(2A) 1.354(2) 0(IB)-C(2B) 1.355(2) 
C(2A)-C(4A) 1.357(2) C(2B)-C(4B) 1.356(2) 
C(2A)-C(3A) 1.4SI(3) C(2B)-C(3B) 1.47S(3) 
C(4A)-C(5A) 1.470(2) C(4B)-C(5B) 1.4SI(2) 
C(5A)-0(2A) 1.234(2) C(5B)-O(2B) 1.233(2) 
C(5A)-N(2A) 1.354(2) C(5B)-N(2B) 1.355(2) 
N(2A)-C(6A) I.4S3(2) N(2B)-C(6B) 1.479(2) 
C(6A)-C(7 A) 1.529(2) C(6B)-C(7B) 1.526(3) 
C(7 A)-C(SA) 1.539(2) C(7B)-C(SB) 1.535(2) 
C(SA)-C(IOA) 1.514(3) C(SB)-C(IOB) 1.527(3) 
C(SA)-C(9A) 1.521(3) C(SB)-C(9B) 1.52S(3) 
N(1 A)-C(l A)-C(4A) 113.S5(15) C(6A)-C(7 A)-C(SA) 113.97(13) 
N(1A)-C(1A)-C(6A) 135.31(15) C(IOA)-C(SA)-C(9A) 110.4S(16) 
C(4A)-C(IA)-C(6A) llO.S4(14) C( 1 OA)-C(SA)-C(7 A) 111.70(15) 
C(IA)-N(1A)-O(lA) 102.90(13) C(9A)-C(8A)-C(7 A) 109.20(15) 
C(2A)-O(1A)-N(IA) 110.07(13) N(1B)-C(1B)-C(4B) I 13.S8(16) 
0(1A)-C(2A)-C(4A) !OS. 16(15) N(IB)-C(IB)-C(6B) 135.11(17) 
0(IA)-C(2A)-C(3A) 116.77(15) C(4B)-C(lB)-C(6B) 111.01(14) 
C( 4A)-C(2A)-C(3A) 135.06(17) C(IB)-N(lB)-O(lB) 102.47(14) 
C(2A)-C(4A)-C(IA) 105.01(14) C(2B)-O(lB)-N(1B) 110.51(13) 
C(2A)-C(4A)-C(5A) 146.4S(17) O(IB)-C(2B)-C(4B) 107.79(16) 
C(IA)-C(4A)-C(5A) IOS.47(14) O(IB)-C(2B)-C(3B) 117.33(16) 
O(2A)-C(5A)-N(2A) 126.17(15) C(4B)-C(2B)-C(3B) 134.S9(17) 
O(2A)-C(5A)-C(4A) 12S.62(16) C(2B)-C(4B)-C(IB) 105.36(15) 
N(2A)-C(5A)-C(4A) 105.21(14) C(2B)-C(4B)-C(5B) 146.40(17) 
C(5A)-N(2A)-C(6A) 116.21(14) C(IB)-C(4B)-C(5B) IOS.15(15) 
N(2A)-C(6A)-C(IA) 99.13(12) O(2B)-C(5B)-N(2B) 126.60(15) 
N(2A)-C(6A)-C(7 A) 113.65(13) O(2B)-C(5B)-C(4B) 12S.2S(16) 
C(IA)-C(6A)-C(7 A) 115.07(13) N(2B)-C(5B)-C(4B) 105.12(15) 
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C(5B)-N(2B)-C(6B) 116.17(14) 
N(2B)-C(6B)-C(IB) 99.29(14) 
N(2B)-C(6B)-C(7B) 113.47(14) 
C(IB)-C(6B)-C(7B) 114.40(14) 
187 
C(6B)-C(7B)-C(SB) 
C(10B)-C(8B)-C(9B) 
C(10B)-C(8B)-C(7B) 
C(9B)-C(8B)-C(7B) 
114.86(15) 
109.82(18) 
112.27(16) 
109.08(16) 
Table 4. Anisotropic displacement parameters (A2x 103) for rcfj3. The anisotropic 
displacement factor exponent takes the form: -2lt2[ h2 a*2U tl + ... + 2 h k a* b* U12] 
Uti U22 U33 U23 Ul3 UI2 
C(IA) 21(1) 23(1) 25(1) -1(1) 5(1) -2(1) 
N(IA) 24(1) 22(1) 35(1) -2(1) 1(1) 1(1) 
O(IA) 26(1) 26(1) 33(1) 0(1) -1(1) 5(1) 
C(2A) 26(1) 24(1) 26(1) 0(1) 3(1) 1(1) 
C(3A) 45(1) 25(1) 40(1) -3(1) -2(1) 9(1) 
C(4A) 25(1) 22(1) 24(1) 0(1) 4(1) 0(1) 
C(5A) 23(1) 25(1) 22(1) -2(1) 4(1) 2(1) 
O(2A) 31(1) 28(1) 32(1) -8(1) -4(1) 0(1) 
N(2A) 22(1) 25(1) 25(1) -3(1) -2(1) 2(1) 
C(6A) 23(1) 22(1) 23(1) 0(1) 2(1) 0(1) 
C(7A) 21(1) 24(1) 24(1) -2(1) 3(1) -1(1) 
C(8A) 26(1) 27(1) 33(1) -6(1) 0(1) 3(1) 
C(9A) 33(1) 36(1) 58(1) -13(1) 13(1) 4(1) 
C(10A) 57(1) 33(1) 57(1) 11(1) 21(1) 14(1) 
C(1B) 28(1) 30(1) 21(1) -1(1) 3(1) -2(1) 
N(1B) 32(1) 37(1) 28(1) -2(1) -2(1) 1(1) 
O(1B) 29(1) 36(1) 30(1) 4(1) -3(1) 2(1) 
C(2B) 29(1) 31(1) 23(1) 6(1) 4(1) -3(1) 
C(3B) 35(1) 30(1) 40(1) 7(1) 6(1) 2(1) 
C(4B) 25(1) 28(1) 21(1) 1(1) 3(1) -1(1) 
C(5B) 23(1) 26(1) 22(1) 2(1) 3(1) -3(1) 
O(2B) 28(1) 27(1) 28(1) -4(1) 0(1) -3(1) 
N(2B) 22(1) 29(1) 27(1) -5(1) -2(1) 0(1) 
C(6B) 24(1) 30(1) 25(1) -7(1) 2(1) -1(1) 
C(7B) 26(1) 28(1) 29(1) -7(1) 4(1) -2(1) 
C(8B) 30(1) 29(1) 36(1) -7(1) -3(1) -1(1) 
C(9B) 53(1) 32(1) 62(2) -1(1) 9(1) -1(1) 
C(IOB) 29(1) 42(1) 62(1) -9(1) 10(1) 3(1) 
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Table 5. Hydrogen coordinates ( x 104) and isotropic displacement parameters (A2x 10 3) 
for rcfj3. 
x y z U(eq) 
H(3A1) 7000 66 9098 57 
H(3A2) 5711 92 8229 57 
H(3A3) 4161 -234 8900 57 
H(6A) 2693 5175 8202 27 
H(7A1) 2095 5724 9487 28 
H(7A2) -50 4713 9439 28 
H(8A) -2250 5921 8399 35 
H(9A1) -3177 6124 9658 62 
H(9A2) -3621 7433 9211 62 
H(9A3) -1234 7238 9821 62 
H(10A) 1051 7050 8032 72 
H(10B) 1356 7805 8823 72 
H(IOC) -1030 7999 8213 72 
H(3B1) -12252 5844 5905 53 
H(3B2) -9489 6307 6077 53 
H(3B3) -10791 5724 6750 53 
H(6B) -5141 1615 5598 32 
H(7B1) -7882 -7 5881 33 
H(7B2) -7645 481 6744 33 
H(8B) -3500 -128 6957 39 
H(9B1) -6494 -1608 7209 74 
H(9B2) -4182 -2317 6965 74 
H(9B3) -6597 -2163 6363 74 
H(10D) -2557 65 5693 66 
H(10E) -4207 -1138 5437 66 
H(10F) -1780 -1295 6034 66 
H(2A) -1180(50) 4000(30) 7799(14) 50 
H(2B) -3370(50) 2120(30) 6882(15) 50 
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Table 6. Torsion angles [0] for rcfj3. 
C(4A)-C(IA)-N(IA)-O(IA) 1.19(18) C(4B)-C(IB)-N(IB)-O(IB) 0.55(18) 
C(6A)-C(IA)-N(IA)-O(IA) -178.78(17) C(6B)-C(1B)-N(IB)-O(IB) -179.39(18) 
C(IA)-N(IA)-O(IA)-C(2A) -0.61(18) C(IB)-N(IB)-O(IB)-C(2B) -0.57(18) 
N(1A)-O(IA)-C(2A)-C(4A) -0.19(19) N(IB)-O(IB)-C(2B)-C(4B) 0.38(19) 
N(IA)-O(IA)-C(2A)-C(3A) 179.89(15) N(IB)-O(IB)-C(2B)-C(3B) 179.92(15) 
O(IA)-C(2A)-C(4A)-C(IA) 0.85(18) O(IB)-C(2B)-C(4B)-C(IB) -0.04(19) 
C(3A)-C(2A)-C(4A)-C(IA) -179.2(2) C(3B)-C(2B)-C(4B)-C(IB) -179.47(19) 
O(IA)-C(2A)-C(4A)-C(5A) -176.2(2) O(IB)-C(2B)-C(4B)-C(5B) -175.8(2) 
C(3A)-C(2A)-C(4A)-C(5A) 3.7(4) C(3B)-C(2B)-C(4B)-C(5B) 4.8(4) 
N(IA)-C(IA)-C(4A)-C(2A) -1.35(19) N(IB)-C(1B)-C(4B)-C(2B) -0.4(2) 
C(6A)-C(IA)-C(4A)-C(2A) 178.62(13) C(6B)-C(IB)-C(4B)-C(2B) 179.60(14) 
N(1A)-C(IA)-C(4A)-C(5A) 176.93(14) N(IB)-C(1B)-C(4B)-C(5B) 177.17(15) 
C(6A)-C(IA)-C(4A)-C(5A) -3.10(18) C(6B)-C(IB)-C(4B)-C(5B) -2.88(18) 
C(2A)-C(4A)-C(5A)-O(2A) -1.7(4) C(2B )-C( 4 B )-C( 5B )-0(2B) -4.5(4) 
C(IA)-C(4A)-C(5A)-O(2A) -178.73(17) C( IB)-C( 4B)-C(5B)-0(2B) 179.83(16) 
C(2A)-C(4A)-C(5A)-N(2A) 178.0(2) C(2B)-C(4B)-C(5B)-N(2B) 175.3(3) 
C(IA)-C(4A)-C(5A)-N(2A) 0.97(17) C(1B)-C( 4B)-C(5B)-N(2B) -0.39(17) 
O(2A)-C(5A)-N(2A)-C(6A) -178.69(15) O(2B)-C(5B)-N(2B)-C(6B) -176.50(16) 
C(4A)-C(5A)-N(2A)-C(6A) 1.59(19) C(4B)-C(5B)-N(2B)-C(6B) 3.71(19) 
C(5A)-N(2A)-C(6A)-C(IA) -3.24(18) C(5B)-N(2B)-C(6B)-C(IB) -5.16(19) 
C(5A)-N(2A)-C(6A)-C(7 A) -125.85(16) C(5B)-N(2B)-C(6B)-C(7B) -126.99(16) 
N(IA)-C(IA)-C(6A)-N(2A) -176.37(19) N(IB)-C(IB)-C(6B)-N(2B) -175.47(19) 
C(4A)-C(IA)-C(6A)-N(2A) 3.67(16) C(4B)-C(IB)-C(6B)-N(2B) 4.59(18) 
N(IA)-C(IA)-C(6A)-C(7 A) -54.8(2) N(IB)-C(IB)-C(6B)-C(7B) -54.3(3) 
C(4A)-C(1A)-C(6A)-C(7A) 125.25(15) C(4B)-C(IB)-C(6B)-C(7B) 125.74(16) 
N(2A)-C(6A)-C(7 A)-C(8A) -67.78(18) N(2B)-C(6B)-C(7B)-C(8B) -65.90(19) 
C( IA)-C( 6A)-C(7 A)-C(8A) 178.89(14) C(IB)-C(6B)-C(7B)-C(8B) -178.87(14) 
C(6A)-C(7 A)-C(8A)-C( lOA) -67.7(2) C(6B)-C(7B)-C(8B)-C( lOB) -59.7(2) 
C(6A)-C(7 A)-C(8A)-C(9A) 169.82(15) C(6B)-C(7B)-C(8B)-C(9B) 178.37(16) 
190 
Table 7. Hydrogen bonds for rcfj3 [A and 0]. 
O-H ... A 
N(2A)-H(2A) ... O(2B) 
N(2B)-H(2B) .. .o(2A) 
d(O-H) 
0.87(3) 
0.84(3) 
d(H. .. A) 
2.04(3) 
2.04(3) 
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d(O ... A) 
2.9030(18) 
2.8569(19) 
«OHA) 
173(3) 
165(3) 
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Table I. Crystal data and structure refinement for rcfj4. 
Identification code 
Chemical formula 
Formula weight 
Temperature 
Radiation, wavelength 
Crystal system, space group 
Unit cell parameters 
Cell volume 
Z 
Calculated density 
Absorption coefficient Jl 
F(OOO) 
Crystal colour and size 
Reflections for cell refinement 
Data collection method 
6 range for data collection 
Index ranges 
Completeness to 6 = 26.00° 
Intensity decay 
Reflections collected 
Independent reflections 
Reflections with F2>2cr 
Absorption correction 
Min. and max. transmission 
Structure solution 
Refinement method 
Weighting parameters a, b 
Data / restraints / parameters 
Final R indices [F'>2crj 
R indices (all data) 
Goodness-of-fit on F2 
Absolute structure parameter 
Largest and mean shiftlsu 
Largest diff. peak and hole 
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rcfj4 
C9H 12N20, 
180.21 
150(2) K 
MoKa, 0.71073 A 
monoclinic, P21 
a = 5.5429(5) A 
b = 8.7853(8) A 
c = 18.5493(18) A 
899.28(14) A' 
4 
1.331 g/cm3 
0.096 mm-I 
384 
a = 90° 
~ = 95.394(2)° 
Y= 90° 
colourless, 0.64 x 0.19 x 0.05 mm3 
3186 (6 range 2.20 to 28.06°) 
Bruker SMART 1000 CeD diffractometer 
Ol rotation with narrow frames 
1.10 to 28.97° 
h-7t07,k-1I to lI,1-24t024 
99.9% 
0% 
7996 
4146 (Rim = 0.0211) 
3334 
semi-empirical from equivalents 
0.941 and 0.995 
direct methods 
Full-matrix least-squares on F' 
0.0468, 0.0869 
4146/l /247 
RI = 0.0418, wR2 = 0.0921 
RI = 0.0571, wR2 = 0.0995 
1.057 
-1.2(11) 
0.001 and 0.000 
0.207 and -0.204 e A-3 
Table 2. Atomic coordinates and equivalent isotropic displacement parallleters (,.\2) 
for rcfj4. Ueq is defined as one third of the trace of the orthogonalized U'l tensor. 
x y z Ueq 
C(1) 0.5626(4) 0.2137(2) 0.15969(11) 0.0268(4) 
N(I) 0.7360(3) 0.2999(2) 0.13914(9) 0.0327(4) 
0(1) 0.8378(2) 0.36599(18) 0.20634(8) 0.0334(3) 
C(2) 0.7183(4) 0.3146(2) 0.26217(11) 0.0268(4) 
C(3) 0.5403(3) 0.2202(2) 0.23451 (10) 0.0250(4) 
C(4) 0.3364(3) 0.1221(2) 0.25079(10) 0.0240(4) 
N(2) 0.2498(3) 0.0629(2) 0.18611(9) 0.0266(4) 
C(5) 0.3822(3) 0.1043(2) 0.12286(10) 0.0259(4) 
C(6) 0.8105(4) 0.3656(3) 0.33591(11) 0.0336(5) 
0(2) 0.2562(2) 0.09803(17) 0.30941(7) 0.0294(3) 
C(7) 0.2218(3) 0.1635(2) 0.05803(10) 0.0278(4) 
C(8) 0.0323(4) 0.0450(3) 0.03205(11 ) 0.0361(5) 
C(9) 0.3771(4) 0.2047(3) -0.00270(11 ) 0.0384(5) 
C(10) -0.4569(4) -0.2612(2) 0.34148(10) 0.0244(4) 
N(3) -0.6355(3) -0.34206(19) 0.36170(9) 0.0301(4) 
0(3) -0.7569(2) -0.39274(17) 0.29403(7) 0.0315(3) 
C(11) -0.6420(3) -0.3382(2) 0.23814(10) 0.0262(4) 
C(12) -0.4500(3) -0.2542(2) 0.26589(10) 0.0237(4) 
C(13) -0.2453(3) -0.1575(2) 0.24973( 10) 0.0229(4) 
N(4) -0.1418(3) -0.1126(2) 0.31513(9) 0.0264(4) 
C(14) -0.2441(3) -0.1768(2) 0.37910(10) 0.0247(4) 
C(15) -0.7443(4) -0.3797(3) 0.16398(10) 0.0327(5) 
0(4) -0.1792(2) -0.12314(16) 0.19026(7) 0.0279(3) 
C(16) -0.3035(3) -0.0589(2) 0.43532( 10) 0.0264(4) 
C(17) -0.0742(4) 0.0255(3) 0.46522(11) 0.0371(5) 
C(18) -0.4192(4) -0.1370(3) 0.49703(10) 0.0357(5) 
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Table 3. Bond lengths [A] and angles [0] for rcfj4. 
C(1)-N(l) 1.308(3) C(\)-C(3) 1.406(3) 
C(1)-C(5) 1.504(3) N(I)-O(1) 1.441(2) 
0(J)-C(2) 1.358(2) C(2)-C(3) 1.352(3) 
C(2)-C(6) 1.484(3) C(3)-C(4) 1.475(3) 
C(4)-0(2) 1.231(2) C(4)-N(2) 1.354(2) 
N(2)-C(5) 1.487(2) C(5)-C(7) 1.5\9(3) 
C(7)-C(9) 1.524(3) C(7)-C(8) 1.524(3) 
C(10)-N(3) 1.302(2) C(1O)-C(12) 1.408(3) 
C(1O)-C(14) 1.508(3) N(3)-0(3) 1.438(2) 
0(3)-C(ll) 1.355(2) C(11)-C(12) 1.356(3) 
C(11)-C(15) 1.483(3) C(12)-C(13) 1.470(3) 
C(13)-0(4) 1.232(2) C(13)-N(4) 1.351(2) 
N(4)-C(14) 1.475(2) C(14)-C(16) 1.528(3) 
C(16)-C(18) 1.527(3) C( 16)-C(17) 1.530(3) 
N(I)-C(I)-C(3) 113.55(18) N(I)-C(I)-C(5) 135.46(18) 
C(3)-C(1)-C(5) 110.96(\6) C(\)-N(I)-O(I) 102.70(15) 
C(2)-0(l)-N(1) 110.24(\5) C(3)-C(2)-0(1) 107.79(17) 
C(3)-C(2)-C(6) 135.29(19) 0(1)-C(2)-C(6) 116.87(17) 
C(2)-C(3)-C(1) 105.69(17) C(2)-C(3)-C(4) 145.73(19) 
C(1)-C(3)-C(4) 108.58(17) 0(2)-C(4)-N(2) 126.13(18) 
0(2)-C(4)-C(3) 128.92(18) N(2)-C(4)-C(3) 104.94(16) 
C(4)-N(2)-C(5) 116.42(17) N(2)-C(5)-C(I) 98.90(15) 
N(2)-C(5)-C(7) 114.38(15) C(1)-C(5)-C(7) 117.10(17) 
C(5)-C(7)-C(9) 109.71(16) C(5)-C(7)-C(8) 110.57(17) 
C(9)-C(7)-C(8) 110.41(17) N(3)-C(10)-C(12) 113.78(17) 
N(3)-C(IO)-C(14) 135.88(17) C(12)-C(10)-C(14) 110.27(16) 
C(1O)-N(3)-O(3) 102.92(14) C(11)-O(3)-N(3) 110.08(14) 
O(3)-C(ll)-C(12) 108.11(17) O(3)-C(II)-C(15) 117.15(17) 
C(12)-C(11)-C(\5) 134.74(18) C(11)-C(12)-C(1O) 105.11(17) 
C(11)-C(12)-C(13) 146.09(18) C(10)-C(12)-C(13) 108.78(17) 
O(4)-C(13)-N(4) 126.52(18) 0(4)-C(13)-C(12) 128.63(18) 
N(4)-C(13)-C(12) 104.86(15) C(13)-N(4)-C(14) 116.59(16) 
N(4)-C(14)-C(IO) 99.14(14) N(4)-C(14)-C(16) 114.41(16) 
C(10)-C(14)-C(16) 116.10(16) C( 18)-C( 16)-C(14) 109.84(17) 
C(18)-C(16)-C(17) 109.84(16) C( 14 )-C( 16)-C( 17) 110.58(16) 
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Table 4. Anisotropic displacement parameters (A') for rcfj4. The anisotropic 
displacement factor exponent takes the form: -21t'[h'a*'U" + ... + 2hka*b*U"j 
U" U" U33 U'3 U13 U" 
CCI) 0.0240(10) 0.0276(10) 0.0296(11) 0.0050(8) 0.0067(8) 0.0027(8) 
N(1) 0.0296(9) 0.0395(10) 0.0300(9) -0.0011(8) 0.0076(7) -0.0075(8) 
0(1) 0.0315(8) 0.0369(8) 0.0330(8) -0.0028(7) 0.0095(6) -0.0102(7) 
C(2) 0.0252(10) 0.0263(11) 0.0302(10) 0.0005(9) 0.0095(8) 0.0004(8) 
C(3) 0.0230(10) 0.0246(10) 0.0277(10) 0.0029(8) 0.0046(8) 0.0010(8) 
C(4) 0.0204(9) 0.0262(10) 0.0253(10) 0.0040(8) 0.0021(8) 0.0008(8) 
N(2) 0.0229(9) 0.0326(10) 0.0244(9) 0.0036(7) 0.0029(7) -0.0070(7) 
C(5) 0.0261(10) 0.0270(10) 0.0259(10) 0.0025(8) 0.0088(8) -0.0007(8) 
C(6) 0.0322(11) 0.0323(11) 0.0366(12) -0.0062(10) 0.0055(9) -0.0071(9) 
0(2) 0.0274(7) 0.0389(9) 0.0225(7) 0.0034(6) 0.0049(6) -0.0056(6) 
C(7) 0.0269(10) 0.0339(11) 0.0234(10) 0.0039(8) 0.0066(8) 0.0044(9) 
C(8) 0.0287(11) 0.0517(14) 0.0275(11) 0.0007(10) 0.0007(9) -0.0024(10) 
C(9) 0.0361(12) 0.0525(15) 0.0276(11) 0.0104(10) 0.0081(9) 0.0022(11) 
C(10) 0.0285( 1 0) 0.0234(10) 0.0219(10) 0.0022(8) 0.0046(8) -0.0002(8) 
N(3) 0.0335(10) 0.0327(10) 0.0243(9) 0.0001(7) 0.0042(7) -0.0099(8) 
0(3) 0.0342(8) 0.0340(8) 0.0273(8) -0.0020(6) 0.0081(6) -0.0116(7) 
CCll) 0.0277(10) 0.0249(10) 0.0267(11) -0.0004(8) 0.0069(8) -0.0010(8) 
C(12) 0.0254(10) 0.0237(10) 0.0228(10) 0.0022(8) 0.0060(8) 0.0018(8) 
CCI3) 0.0230(9) 0.0231(10) 0.0227(10) 0.0014(8) 0.0028(8) 0.0008(8) 
N(4) 0.0254(9) 0.0314(10) 0.0226(8) 0.0009(7) 0.0037(7) -0.0078(8) 
C(14) 0.0245(10) 0.0288(11) 0.0209(10) 0.0036(8) 0.0031(8) 0.0021(8) 
C(l5) 0.0349(11) 0.0380(12) 0.0259(11) -0.0055(10) 0.0063(8) -0.0087(10) 
0(4) 0.0281(7) 0.0341(8) 0.0222(7) 0.0028(6) 0.0065(5) -0.0063(6) 
C(16) 0.0277(10) 0.0300(10) 0.0216(10) -0.00 15(8) 0.0028(8) 0.0028(9) 
CCI7) 0.0388(12) 0.0425(13) 0.0302(11) -0.0084(10) 0.0047(10) -0.0047(11) 
C(18) 0.0406(12) 0.0419(13) 0.0257(10) -0.0036(9) 0.0083(9) -0.0048(11) 
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Table 5. Hydrogen coordinates and isotropic displacement parameters (A') for rcfj4. 
x y z u 
H(2) 0.130(4) 0.005(3) 0.1809(11) 0.032 
H(5) 0.4713 0.0125 0.1076 0.031 
H(6A) 0.6938 0.3381 0.3703 0.050 
H(6B) 0.8325 0.4763 0.3360 0.050 
H(6C) 0.9662 0.3162 0.3502 0.050 
H(7) 0.1368 0.2573 0.0728 0.033 
H(8A) 0.1135 -0.0480 0.0180 0.054 
H(8B) -0.0694 0.0850 -0.0098 0.054 
H(8C) --0.0691 0.0219 0.0712 0.054 
H(9A) 0.4579 0.1131 -0.0186 0.058 
H(9B) 0.4992 0.2799 0.0150 0.058 
H(9C) 0.2740 0.2476 -0.0435 0.058 
H(4) -0.015(4) -0.062(3) 0.3178(11) 0.032 
H(14) -0.1270 -0.2524 0.4027 0.030 
H(15A) -0.7133 -0.4876 0.1553 0.049 
H(15B) -0.6678 -0.3177 0.1286 0.049 
H(J5C) -0.9194 -0.3611 0.1591 0.049 
H(J6) -0.4210 0.0164 0.4117 0.032 
H(17A) 0.0406 --0.0470 0.4895 0.056 
H(17B) -0.1164 0.1029 0.5000 0.056 
H(17C) 0.0000 0.0747 0.4253 0.056 
H(18A) -0.5649 -0.1919 0.4775 0.054 
H(J8B) -0.4634 -0.0603 0.5318 0.054 
H(18C) -0.3036 -0.2091 0.5214 0.054 
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Table 6. Torsion angles [0] for rcfj4. 
C(3)-C(I)-N(l)-O(I) 1.0(2) 
C(1)-N(I)-O(l)-C(2) 0.1(2) 
N(l)-O(l)-C(2)-C(6) 176.71(17) 
C(6)-C(2)-C(3)-C(1) -175.6(2) 
C(6)-C(2)-C(3)-C(4) 3.9(5) 
C(5)-C(l)-C(3)-C(2) 176.72(17) 
178.61(17) 
C(5)-C(I)-C(3)-C(4) -3.0(2) 
C(1)-C(3)-C(4)-O(2) -179.1(2) 
C(1)-C(3)-C(4)-N(2) 0.2(2) 
-177.92(19) 
C(3)-C(4)-N(2)-C(5) 2.8(2) 
C(4)-N(2)-C(5)-C(7) -129.53(19) 
C(3)-C(I)-C(5)-N(2) 4.1(2) 
C(3)-C(I)-C(5)-C(7) 127.47(18) 
179.02(18) 
C(1)-C(5)-C(7)-C(9) 64.0(2) 
C(I)-C(5)-C(7)-C(8) -173.96(16) 
C(14)-C(10)-N(3)-O(3) -176.6(2) 
N(3)-O(3)-C(11)-C(12) 0.2(2) 
-179.92(17) 
O(3)-C(II)-C(12)-C(1O) -0.2(2) 
O(3)-C(11)-C(12)-C(13) -177.8(3) 
N(3)-C(10)-C(12)-C(II) 0.1(2) 
177.55(17) 
N(3)-C(10)-C(12)-C(13) 178.73(17) 
C(11)-C(12)-C(13)-O( 4) -2.2(4) 
C(11)-C(12)-C(13)-N(4) 177.7(3) 
O(4)-C(13)-N(4)-C(14) -176.12(18) 
C(13)-N(4)-C(14)-C(10) -6.0(2) 
-130.21(19) 
N(3)-C(1O)-C(14)-N(4) -177.8(2) 
N(3)-C(lO)-C(14)-C(16) -54.8(3) 
128.61(17) 
N(4)-C(14)-C(16)-C(18) 177.21(17) 
N(4)-C(14)-C(16)-C(17) -61.4(2) 
-176.03(17) 
Table 7. Hydrogen bonds for rcfj4 [A and 0]. 
D-H ... A 
N(2)-H(2) ... O(4) 
N(4)-H(4) ... O(2) 
d(D-H) 
0.84(2) 
0.83(2) 
198 
C(5)-C(l )-N(I)-O(l) 
N(l)-O(I)-C(2)-C(3) 
O(I)-C(2)-C(3)-C(I) 
O(I)-C(2)-C(3)-C(4) 
N(I)-C(I)-C(3)-C(2) 
N(I)-C(l)-C(3)-C(4) 
C(2)-C(3)-C(4)-O(2) 
C(2)-C(3)-C(4)-N(2) 
O(2)-C(4)-N(2)-C(5) 
C(4)-N(2)-C(5)-C(I) 
N(1)-C(I)-C(5)-N(2) 
N(1)-C(I)-C(5)-C(7) 
N(2)-C(5)-C(7)-C(9) 
N(2)-C(5)-C(7)-C(8) 
C(12)-C(10)-N(3)-O(3) 
C(10)-N(3)-O(3)-C(II) 
N(3)-O(3)-C(II)-C(15) 
C( 15)-C(11)-C( 12)-C( 1 0) 
C( 15)-C(11)-C( 12)-C( 13) 
C(14)-C(l0)-C(12)-C(II) 
C(14)-C(10)-C(12)-C(13) 
C(10)-C(12)-C(13)-O(4) 
C(10)-C(12)-C(13)-N(4) 
C(12)-C(13)-N(4)-C(14) 
C(13)-N(4)-C(14)-C(16) 
C(12)-C(10)-C(l4)-N(4) 
C(12)-C(10)-C(14)-C(16) 
C(10)-C(14)-C(16)-C(18) 
C(I 0)-C(14)-C(l6)-C( 17) 
d(H ... A) 
2.07(2) 
2.08(2) 
d(D ... A) 
2.892(2) 
2.889(2) 
-176.9(2) 
-1.1(2) 
1.6(2) 
-178.9(3) 
-1.7(2) 
1.5(5) 
-179.2(3) 
-4.3(2) 
-177.9(2) 
-54.6(3) 
-59.0(2) 
0.0(2) 
-0.1(2) 
179.9(2) 
2.3(5) 
-3.8(2) 
-179.8(2) 
0.1(2) 
4.0(2) 
5.58(19) 
62.6(2) 
«DHA) 
168(2) 
167(2) 
RCFJ7 
0111 N!1I 
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Table I. Crystal data and structure refinement for rcfj7. 
Identification code 
Chemical formula 
Formula weight 
Temperature 
Radiation, wavelength 
Crystal system, space group 
Unit cell parameters 
Cell volume 
Z 
Calculated density 
Absorption coefficient !! 
F(OOO) 
Crystal colour and size 
Reflections for cell refinement 
Data collection method 
9 range for data collection 
Index ranges 
Completeness to 9 = 26.00° 
Intensity decay 
Reflections collected 
Independent reflections 
Reflections with F2>2cr 
Absorption correction 
Min. and max. transmission 
Structure solution 
Refinement method 
Weighting parameters a, b 
Data 1 restraints 1 parameters 
Final R indices [F>2cr] 
R indices (all data) 
Goodness-of-fit on F2 
Absolute structure parameter 
Largest and mean shiftlsu 
Largest diff. peak and hole 
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rcfj7 
Cl6Hl6N202 
268.31 
150(2) K 
MoKa, 0.71073 A 
triclinic, PI 
a = 5.7754(11) A 
b = 8.3008(15) A 
c = 14.779(3) A 
698.3(2) N 
2 
1.276 glcm3 
0.085 mm-1 
284 
a = 80.961(3)° 
~ = 88.002(3)° 
y = 86.641 (3)° 
colourless, 0.71 x 0.12 x 0.02 mm3 
1661 (9 range 2.49 to 26.47°) 
Bruker SMART 1000 CCD diffractometer 
ffi rotation with narrow frames 
2.49 to 27.50° 
h -7 to 7, k -10 to 10,1-18 to 18 
98.3 % 
0% 
5573 
5120 (R;" = 0.0256) 
3167 
semi-empirical from equivalents 
0.942 and 0.998 
direct methods 
Full-matrix least-squares on F2 
0.0476.0.0000 
5120/3/371 
RI = 0.0530, wR2 = 0.1016 
RI = 0.1027, wR2 = 0.1207 
0.999 
0.0(17) 
0.000 and 0.000 
0.198 and -0.191 e A-3 
Table 2. Atomic coordinates and equivalent isotropic displacement parameters (A2) 
for rcfj7. Ueq is defined as one third of the trace of the orthogonalized U'J tensor. 
x y z Ueq 
0(1) 0.2681(4) 0.8941(3) 0.94202(19) 0.0409(8) 
N(I) 0.3789(6) 0.8768(4) 0.8556(2) 0.0391(9) 
C(1) 0.5718(7) 0.7914(5) 0.8801(3) 0.0312(9) 
C(2) 0.7812(7) 0.7274(4) 0.8315(3) 0.0321(10) 
N(2) 0.9006(6) 0.6327(4) 0.9104(2) 0.0366(9) 
C(3) 0.8060(6) 0.6484(4) 0.9931(3) 0.0286(9) 
0(2) 0.8841(5) 0.5856(3) 1.06882( 19) 0.0362(7) 
C(4) 0.5931(7) 0.7516(5) 0.9749(3) 0.0292(10) 
C(5) 0.3985(7) 0.8170(5) 1.0125(3) 0.0326(10) 
C(6) 0.3072(7) 0.8192(4) 1.1041(3) 0.0325(10) 
C(7) 0.4314(6) 0.7602(4) 1.1772(3) 0.0320(10) 
C(8) 0.3594(6) 0.7489(4) 1.2728(2) 0.0316(9) 
C(9) 0.5103(7) 0.6726(5) 1.3397(3) 0.0451(11) 
C(10) 0.4491(9) 0.6565(6) 1.4314(3) 0.0613(13) 
C(11) 0.2340(9) 0.7172(6) 1.4580(3) 0.0645(14) 
C(12) 0.0812(8) 0.7919(6) 1.3921(3) 0.0544(12) 
C(13) 0.1425(7) 0.8086(4) 1.3007(3) 0.0408(10) 
C(14) 0.7377(6) 0.6293(4) 0.7560(2) 0.0354(9) 
C(15) 0.5992(7) 0.7341(5) 0.6794(3) 0.0464(11) 
C(16) 0.9678(7) 0.5631(5) 0.7170(3) 0.0464(11) 
O(IA) 1.9192(4) 0.1019(3) 1.03730(19) 0.0421(8) 
N(IA) 1.8267(6) 0.1381(4) 1.1240(2) 0.0412(9) 
C(IA) 1.6395(7) 0.2294(4) 1.1003(3) 0.0335(10) 
C(2A) 1.4591(7) 0.3227(5) 1.1507(3) 0.0333(10) 
N(2A) 1.3144(6) 0.3914(4) 1.0717(2) 0.0341(9) 
C(3A) 1.3882(6) 0.3602(5) 0.9890(3) 0.0309(10) 
0(2A) 1.2956(5) 0.4092(3) 0.91514( 18) 0.0400(7) 
C(4A) 1.5985(7) 0.2534(4) 1.0066(3) 0.0300(10) 
C(5A) 1.7800(7) 0.1732(5) 0.9680(3) 0.0322(10) 
C(6A) 1.8498(7) 0.1524(4) 0.8774(3) 0.0350(10) 
C(7A) 1.7102(6) 0.1922(4) 0.8067(3) 0.0311(10) 
C(8A) 1.7619(6) 0.1763(4) 0.7107(3) 0.0313(9) 
C(9A) 1.5953(7) 0.2290(5) 0.6462(3) 0.0409(10) 
C(IOA) 1.6376(8) 0.2168(5) 0.5547(3) 0.0518(12) 
C(11A) 1.8474(8) 0.1504(5) 0.5269(3) 0.0551(12) 
C(12A) 2.0160(8) 0.0971(5) 0.5900(3) 0.0478(11) 
C(13A) 1.9745(7) 0.1102(4) 0.6818(3) 0.0381(10) 
C(14A) 1.3283(6) 0.2231(5) 1.2289(3) 0.0336(9) 
C(15A) 1.4959(7) 0.1553(5) 1.3049(3) 0.0430(11) 
C(16A) 1.1308(7) 0.3279(5) 1.2664(3) 0.0416(10) 
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Table 3. Bond lengths [A] and angles [0] for rcfj7. 
O(l)-C(5) 1.361(5) O(l)-N(I) 1.432(4) 
N(I)-C(I) 1.315(5) C(1)-C(4) 1.396(5) 
C(1)-C(2) 1.498(6) C(2)-N(2) 1.470(5) 
C(2)-C(l4) 1.517(5) N(2)-C(3) 1.342(5) 
C(3)-O(2) 1.246(5) C(3)-C(4) 1.465(5) 
C(4)-C(5) 1.359(6) C(5)-C(6) 1.437(5) 
C(6)-C(7) 1.330(5) C(7)-C(8) 1.449(5) 
C(8)-C(9) 1.392(5) C(8)-C(13) 1.393(5) 
C(9)-C(1O) 1.376(6) C(10)-C(11) 1.381(7) 
C(11)-C(12) 1.385(6) C(12)-C(13) 1.372(5) 
C(14)-C(15) 1.533(5) C(14)-C(l6) 1.536(5) 
O(lA)-C(5A) 1.362(5) O(IA)-N(IA) 1.440(4) 
N(IA)-C(lA) 1.309(5) C(IA)-C(4A) 1.394(5) 
C(IA)-C(2A) 1.508(5) C(2A)-N(2A) 1.479(5) 
C(2A)-C(l4A) 1.517(5) N(2A)-C(3A) 1.340(5) 
C(3A)-O(2A) 1.232(5) C(3A)-C(4A) 1.467(6) 
C(4A)-C(5A) 1.365(5) C(5A)-C(6A) 1.419(5) 
C(6A)-C(7A) 1.330(5) C(7 A)-C(8A) 1.464(5) 
C(8A)-C(9A) 1.382(5) C(SA)-C(13A) 1.396(5) 
C(9A)-C(l0A) 1.383(6) C(lOA)-C(lIA) 1.378(6) 
C(lIA)-C(12A) 1.377(6) C(12A)-C(13A) 1.390(5) 
C(l4A)-C(15A) 1.526(5) C(14A)-C(16A) 1.535(5) 
C( 5)-O( 1 )-N (I) 110.8(3) C(l)-N(I)-O(l) 102.5(3) 
N(I)-C(I)-C(4) 113.5(3) N(l)-C(l)-C(2) 135.9(4) 
C(4)-C(1)-C(2) 110.5(3) N(2)-C(2)-C(l) 99.4(3) 
N(2)-C(2)-C(14) 113.9(3) C(l)-C(2)-C(14) 116.8(3) 
C(3)-N(2)-C(2) 115.7(3) O(2)-C(3)-N(2) 126.5(4) 
O(2)-C(3)-C(4) 127.9(4) N(2)-C(3)-C(4) 105.6(3) 
C(5)-C(4)-C(1) 106.1(4) C(5)-C(4)-C(3) 145.5(4) 
C(1)-C(4)-C(3) IOS.2(3) C(4)-C(5)-O(I) 107.0(4) 
C(4)-C(5)-C(6) 135.4(4) O(I)-C(5)-C(6) 117.6(4) 
C(7)-C(6)-C(5) 121.7(4) C(6)-C(7)-C(8) 127.7(3) 
C(9)-C(8)-C(13) 118.4(4) C(9)-C(8)-C(7) 119.0(3) 
C(13)-C(8)-C(7) 122.6(3) C( 10)-C(9)-C(8) 121.3(4) 
C(9)-C(10)-C(1l) 119.6(5) C(10)-C(11)-C(l2) 119.6(4) 
C(13)-C(l2)-C(11) 120.7(4) C(l2)-C(13)-C(8) 120.3(4) 
C(2)-C(14)-C(15) 110.5(3) C(2)-C(14)-C(16) 110.7(3) 
C(15)-C(l4)-C(16) 110.2(3) C(5A)-O(IA)-N(IA) 110.4(3) 
C(IA)-N(IA)-O(IA) 102.5(3) N(IA)-C(lA)-C(4A) 114.3(3) 
N(lA)-C(IA)-C(2A) 134.6(4) C( 4A)-C( lA)-C(2A) 111.1(3) 
N(2A)-C(2A)-C(IA) 98.1(3) N(2A)-C(2A)-C(l4A) 114.2(3) 
C(IA)-C(2A)-C(l4A) 116.1(3) C(3A)-N(2A)-C(2A) 117.2(3) 
O(2A)-C(3A)-N(2A) 126.9(4) O(2A)-C(3A)-C( 4A) 128.3(4) 
N(2A)-C(3A)-C(4A) 104.7(3) C(5A)-C(4A)-C(IA) 105.6(4) 
C(5A)-C(4A)-C(3A) 145.5(4) C(IA)-C(4A)-C(3A) 108.8(3) 
O(IA)-C(5A)-C( 4A) 107.3(3) O(IA)-C(5A)-C(6A) 117.5(4) 
C(4A)-C(5A)-C(6A) 135.2(4) C(7 A)-C(6A)-C(5A) 122.5(4) 
C(6A)-C(7 A)-C(8A) 127.5(4) C(9A)-C(8A)-C(13A) 118.6(4) 
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C(9A)-C(8A)-C(7 A) 
C(8A)-C(9A)-C(IOA) 
C(12A)-C(1IA)-C(10A) 
C(12A)-C( 13A)-C(8A) 
C(2A)-C( 14A)-C( 16A) 
119.1(3) 
120.9(4) 
120.1(4) 
120.4(4) 
110.8(3) 
C(13A)-C(8A)-C(7A) 122.3(3) 
C(1IA)-C(10A)-C(9A) 120.0(4) 
C(1IA)-C(12A)-C(13A) 120.0(4) 
C(2A)-C(14A)-C(15A) 109.4(3) 
C(15A)-C(14A)-C(16A) 110.1(3) 
Table 4. Anisotropic displacement parameters (A 2) for rcfj7. The anisotropic 
displacement factor exponent takes the form: _2lt2[h2a*2U" + ... + 2hka*b*UI2 j 
u" U22 U33 U23 UI3 U l2 
0(1) 0.0409(18) 0.0444(17) 0.0359(19) -0.0058(14) -0.0041(15) 0.0120(15) 
N(I) 0.040(2) 0.039(2) 0.036(2) 0.0011(16) -0.0039(18) 0.0046(19) 
C(I) 0.036(2) 0.028(2) 0.030(3) -0.0043(17) -0.0055(19) -0.0013(19) 
C(2) 0.033(2) 0.034(2) 0.028(2) 0.0002(18) -0.0045(18) -0.0025(18) 
N(2) 0.028(2) 0.041(2) 0.038(2) -0.0005(16) -0.0005(17) 0.0106(17) 
C(3) 0.031(2) 0.029(2) 0.026(2) -0.0028( 18) -0.0043(19) 0.0005(19) 
0(2) 0.0329(16) 0.0411(16) 0.0329(18) -0.0024(13) -0.0040(13) 0.0057(13) 
C(4) 0.031(2) 0.023(2) 0.033(3) -0.0010(17) -0.0039(19) -0.0010(18) 
C(5) 0.031(2) 0.030(2) 0.037(3) -0.0052(18) -0.012(2) 0.0071(19) 
C(6) 0.032(2) 0.031(2) 0.036(3) -0.0099(19) -0.001(2) 0.0018(18) 
C(7) 0.029(2) 0.025(2) 0.042(3) -0.0070(18) -0.0006(19) 0.0004(18) 
C(8) 0.036(2) 0.026(2) 0.034(2) -0.0070(17) 0.0004(18) -0.0074(18) 
C(9) 0.045(3) 0.047(3) 0.045(3) -0.010(2) -0.003(2) -0.006(2) 
C(IO) 0.073(4) 0.068(3) 0.045(3) -0.011(2) -0.011(3) -0.008(3) 
C(II) 0.070(3) 0.089(4) 0.039(3) -0.016(3) 0.005(3) -0.030(3) 
C(12) 0.048(3) 0.066(3) 0.054(3) -0.021(2) 0.009(2) -0.017(2) 
C(13) 0.040(2) 0.042(3) 0.042(3) -0.011(2) 0.004(2) -0.009(2) 
C(14) 0.041(2) 0.034(2) 0.031(2) -0.0035( 18) 0.0019(18) -0.0054(18) 
C(l5) 0.053(3) 0.054(3) 0.033(2) -0.007(2) -0.013(2) -0.001(2) 
C(16) 0.053(3) 0.048(3) 0.038(3) -0.007(2) 0.003(2) -0.003(2) 
O(IA) 0.0408(18) 0.0510(18) 0.0350(19) -0.0126(14) -0.0097(15) 0.0149(15) 
N(IA) 0.045(2) 0.045(2) 0.035(2) -0.0125(16) -0.0050(18) 0.0095(19) 
C(IA) 0.026(2) 0.031(2) 0.044(3) -O.0053( 19) -0.0071 (19) -0.0001 (19) 
C(2A) 0.032(2) 0.033(2) 0.034(2) -0.0052(18) -0.0012(18) 0.0004(18) 
N(2A) 0.034(2) 0.034(2) 0.032(2) -0.0031(16) -0.0010(17) 0.0087(17) 
C(3A) 0.027(2) 0.032(2) 0.034(3) -0.0040(19) -0.003(2) -0.0005( 19) 
0(2A) 0.0370(16) 0.0486(17) 0.0318(18) -0.0022(13) -0.0035(14) 0.0104(14) 
C(4A) 0.031(2) 0.024(2) 0.035(3) -0.0044(18) -0.007(2) 0.0011(19) 
C(5A) 0.035(3) 0.032(2) 0.030(3) -0.0082(18) -0.008(2) 0.001(2) 
C(6A) 0.032(2) 0.031(2) 0.042(3) -0.0100(19) -0.003(2) 0.0084(18) 
C(7A) 0.029(2) 0.0222(19) 0.043(2) -0.0045( 17) -0.005(2) -0.0047(17) 
C(8A) 0.036(2) 0.024(2) 0.034(2) -0.0033(17) -0.0013(19) -0.0070(18) 
C(9A) 0.042(2) 0.045(2) 0.034(2) -0.0008( 19) -0.004(2) -0.007(2) 
C(IOA) 0.054(3) 0.056(3) 0.043(3) 0.001(2) -0.007(2) -0.007(2) 
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C(1IA) 0.063(3) 0.066(3) 0.035(3) -0.004(2) 0.006(2) -0.014(3) 
C(12A) 0.053(3) 0.049(3) 0.044(3) -0.012(2) 0.011(2) -0.011(2) 
C(13A) 0.041(2) 0.035(2) 0.039(3) -0.0048(18) -0.004(2) -0.0089( 19) 
C(14A) 0.035(2) 0.033(2) 0.033(2) -0.0056(17) -0.0031 (17) -O.0070( 17) 
C(15A) 0.046(3) 0.049(3) 0.034(2) -0.002(2) -0.005(2) -0.009(2) 
C(16A) 0.042(2) 0.048(3) 0.035(2) -0.007(2) 0.0054(19) -0.010(2) 
Table 5. Hydrogen coordinates and isotropic displacement parameters (A2) for rcfj7. 
x y z U 
H(2) 0.8765 0.8213 0.8055 0.038 
H(2A) 1.017(7) 0.570(5) 0.903(3) 0.044 
H(6) 0.1542 0.8639 1.1125 0.039 
H(7) 0.5855 0.7209 1.1654 0.038 
H(9) 0.6586 0.6308 1.3217 0.054 
H(IO) 0.5542 0.6038 1.4761 0.074 
H(l1) 0.1911 0.7078 1.5212 0.077 
H(12) -0.0678 0.8321 1.4104 0.065 
H(13) 0.0366 0.8611 1.2563 0.049 
H(14) 0.6446 0.5345 0.7826 0.042 
H(15A) 0.4547 0.7778 0.7053 0.070 
H(15B) 0.5630 0.6669 0.6334 0.070 
H(15C) 0.6915 0.8246 0.6506 0.070 
H(16A) 1.0672 0.6540 0.6959 0.070 
H(16B) 0.9367 0.5071 0.6654 0.070 
H(16C) 1.0462 0.4860 0.7648 0.070 
H(2B) 1.5332 0.4135 1.1741 0.040 
H(2C) 1.200(7) 0.450(5) 1.080(3) 0.041 
H(6A) 2.0021 0.1084 0.8668 0.042 
H(7A) 1.5595 0.2361 0.8201 0.037 
H(9A) 1.4498 0.2741 0.6649 0.049 
H(IOA) 1.5219 0.2544 0.5111 0.062 
H(lIA) 1.8757 0.1413 0.4642 0.066 
H(l2A) 2.1607 0.0515 0.5708 0.057 
H(13A) 2.0914 0.0739 0.7252 0.046 
H(14A) 1.2606 0.1297 1.2057 0.040 
H(15D) 1.6223 0.0898 1.2801 0.064 
H(l5E) 1.4130 0.0867 1.3541 0.064 
H(15F) 1.5602 0.2459 1.3293 0.064 
H(l6D) 1.1954 0.4196 1.2896 0.062 
H(16E) 1.0474 0.2611 1.3162 0.062 
H(16F) 1.0234 0.3700 1.2172 0.062 
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Table 6. Torsion angles [0] for rcfj7. 
C(5)-O(l)-N(I)-C(1) 
0(1 )-N(1 )-C( I )-C(2) 
C(4)-C(I)-C(2)-N(2) 
C(4)-C(1)-C(2)-C(14) 
C(14)-C(2)-N(2)-C(3) 
C(2)-N(2)-C(3)-C(4) 
C(2)-C(1)-C(4)-C(5) 
<:(2)-C(1)-C(4)-C(3) 
N(2)-C(3)-C(4)-C(5) 
N(2)-C(3)-C(4)-C(I) 
<:(3)-C(4)-C(5)-{)(1) 
C(3)-C(4)-C(5)-C(6) 
N (I )-O( I )-C( 5)-C( 6) 
O( I )-C(5)-C( 6)-C(7) 
C(6)-C(7)-C(S)-C(9) 
C(J3)-C(S)-q9)-C(IO) 
C(S)-C(9)-C( 1O)-C(lI) 
C(10)-C(11)-C(12)-C(J3) 
C(9)-C(S)-C( J3)-C(12) 
N(2)-C(2)-C(14)-C(15) 
N(2)-C(2)-C(14)-C(16) 
C(5A)-O(IA)-N(IA)-C(IA) 
O(IA)-N(IA)-C(IA)-C(2A) 
C(4A)-C(IA)-C(2A)-N(2A) 
C( 4A)-C(IA)-C(2A)-C( 14A) 
C(14A)-C(2A)-N(2A)-C(3A) 
C(2A)-N(2A)-C(3A)-C(4A) 
C(2A)-C(IA)-C(4A)-C(5A) 
C(2A)-C(IA)-C(4A)-C(3A) 
N(2A)-C(3A)-C(4A)-C(5A) 
N(2A)-C(3A)-C( 4A)-C(IA) 
N(IA)-O(IA)-C(5A)-C(6A) 
C(3A)-C(4A)-C(5A)-O(IA) 
C(3A)-C(4A)-C(5A)-C(6A) 
C(4A)-C(5A)-C(6A)-C(7A) 
C(6A)-C(7 A)-C(SA)-C(9A) 
C(13A)-C(SA)-C(9A)-C(IOA) 
C(SA)-C(9A)-C(IOA)-C(1IA) 
C(IOA)-C(IIA)-C(12A)-C(J3A) 
C(9A)-C(SA)-C(13A)-C(12A) 
N(2A)-C(2A)-C( 14A)-C( ISA) 
N(2A)-C(2A)-C( 14A)-C(16A) 
-0.7(4) 
-17S.0(4) 
6.7(4) 
i29.6(3) 
-13I.S(3) 
4.3(4) 
17S.S(3) 
-4.S(4) 
174.3(6) 
0.S(4) 
-174.4(5) 
4.3(9) 
-17S.2(3) 
-173.S(3) 
17S.6(3) 
-0.3(6) 
-0.1(7) 
-1.0(7) 
O.O(S) 
176.4(3) 
-61.3(4) 
-0.4(4) 
-17S.5(4) 
2.5(4) 
124.6(4) 
-126.S(4) 
2.9(4) 
175.9(3) 
-1.1(4) 
-175.S(6) 
-1.0(4) 
17S.6(3) 
176.3(5) 
-2.7(10) 
-12.7(7) 
-17S.2(4) 
-0.1(5) 
0.5(6) 
0.1(6) 
-0.3(5) 
178.S(3) 
-59.S(4) 
Table 7. Hydrogen bonds for rcfj7 [A and 0]. 
D-H ... A 
N(2)-H(2A) .. .o(2A) 
N(2A)-H(2C) ... 0(2) 
d(D-H) 
0.S4(4) 
0.SI(4) 
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0(1)-N(1)-C(J)-C(4) 0.4(4) 
N(1)-C(1)-C(2)-N(2) -174.9(4) 
N(1)-C(I)-C(2)-C(14) -SI.9(6) 
C(I)-C(2)-N(2)-C(3) -6.S(4) 
C(2)-N(2)-C(3)-0(2) -176.5(3) 
N(I)-C(I)-C(4)-C(5) 0.0(4) 
N(1)-C(I)-C(4)-C(3) 176.4(3) 
O(2)-C(3)-C(4)-C(5) -4.9(9) 
O(2)-C(3)-C(4)-C(1) -178.S(3) 
C(1)-C(4)-C(S)-0(1) -0.5(4) 
ql)-C(4)-C(5)-C(6) 178.2(4) 
N(1)-0(1)-C(5)-C(4) 0.S(4) 
C(4)-C(5)-C(6)-C(7) 7.6(7) 
C(S)-C(6)-C(7)-C(S) -177.5(4) 
C(6)-C(7)-C(S)-C(13) -3.1(6) 
C(7)-C(S)-C(9)-C( I 0) -179.0(4) 
C(9)-C(l0)-C(1l)-C(12) 0.S(7) 
C(11)-C(12)-C(J3)-C(S) 0.6(6) 
C(7)-C(S)-C(13)-C(12) 17S.7(4) 
C(1)-C(2)-C(14)-C(15) 61.3(4) 
C(1)-C(2)-C(14)-C(l6) -176.4(3) 
0(IA)-N(IA)-C(IA)-C(4A) 1.3(4) 
N(1 A)-C(l A)-C(2A)-N(2A) 179.4(4) 
N(IA)-C(IA)-C(2A)-C(14A) -5S.5(6) 
C(IA)-C(2A)-N(2A)-C(3A) -3.3(4) 
C(2A)-N(2A)-C(3A)-O(2A) -17S.2(4) 
N(IA)-C(IA)-C(4A)-C(5A) -1.7(4) 
N(1A)-C(IA)-C(4A)-C(3A) -17S.7(3) 
O(2A)-C(3A)-C(4A)-C(5A) S.2(9) 
O(2A)-C(3A)-C(4A)-C(IA) -179.9(4) 
N(IA)-O(IA)-C(5A)-C(4A) -0.6(4) 
C(IA)-C(4A)-C(SA)-O(1A) 1.3(4) 
C(IA)-C(4A)-C(5A)-C(6A) -177.7(4) 
0(IA)-C(5A)-C(6A)-C(7A) 16S.3(3) 
C(5A)-C(6A)-C(7A)-C(SA) -179.9(4) 
C(6A)-C(7 A)-C(SA)-C(J3A) 1.6(6) 
C(7A)-C(SA)-C(9A)-C(IOA) 179.7(4) 
C(9A)-C(1 OA)-C( llA)-C( 12A) -0.5(7) 
C(IIA)-C(12A)-C(J3A)-C(SA) 0.3(6) 
C(7A)-C(SA)-C(J3A)-C(J2A) 179.9(3) 
C( IA)-C(2A)-C(14A)-C(15A) 6S.4( 4) 
C(IA)-C(2A)-C(14A)-C(J6A) -173.0(3) 
d(H ... A) 
2.02(4) 
2.0S(4) 
d(D ... A) «DHA) 
2.S50(4) 16S(4) 
2.SS0(4) 166(4) 
I 
I 
I 
I 
